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Resin Producer Ends Contamination-Speeds Drying 
Saves $40,000 A Year with Louisville Dryer 


FORMER DRYER 


(spoce required, 2,000 sq, ft.) 


LOUISVILLE DRYER 


$0.415 per 100 Ib. 
lspece required, 900 sq. ft.) 


PEARLY SAVINGS OF 


ALONE... 840,000 


Ask for new treatise on subject of rotary dryers 


Other General (American Equipment: 
Turbo-Mixers, Evaporators, Thickeners, 
Dewaterers, Towers, Tanks, Bins, 

Filters, Pressure Vessels 


Sometimes the cheapest drying methods are the most expensive! 

Take the case of this producer of synthetic resin for plastics. 
His situation was studied by a Louisville engineer who 
uncovered this fact: by investing more money in a Louisville 
Dryer—especially designed for the job—savings would more than 
write off the cost of the new equipment in less than 2 years. 

In addition, total enclosure of the material to be dried would 
mean no contamination from airborne dust, dirt. 
Speeded-up drying time improved product quality. 

Tests in our own research laboratories and pilot plant 
predetermined the performance of this custom-built dryer. 
Have a Louisville engineer survey your drying methods. 

No obligation. Write today. 


Louisville Drying Machinery Unit | 


Over 50 years of creative drying engineering 


GENERAL AMERICAN TRANSPORTATION 
CORPORATION 
Dryer Sales Office: Hoffman Bldg., 139 So. Fourth Street 
Louisville 2, Kentucky 
General Offices: 135 South La Salle Street, Chicago 9, Illinois 
Offices in all principal cities 
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We liked the remark of Professor 
Boomsliter of West Virginia Univer- 
sity in a recent talk printed in the 
Journal of Engineering Education. 
Said the professor: “Once when | 
was working as an undergraduote 
for the college carpenter at Michi- 
gan State College, | tried to finish 
a piece with a pocket knife instead 
of using a wood plane. He caught 
me at it, and after a few well- 
chosen remarks he said, ‘You can 
noddings do unless you have some- 
tings to do mit!’ “ 


E.J.C. (Engineers Joint Council) 
through Task Committee just fin- 
ished a huge report on the na- 
tion's water policy. The complete 
report, news of it is on page 14, 
contains a lot of interesting facts— 
for instance, the public water sup- 
ply requirements for the entire 
U. S. are only 10% of the flow in 
the Niagara River outlet from the 
Great Lakes. Has info, too, on 


The first part of a 21-page article 
on mixing and agitation is begun 
in this issue. The paper wos writ- 
ten by J. H. Rushton of the Illinois 
Institute of Technology as a re- 
search program for the Mixing 
Equipment Co. Though the con- 
clusions are in the last part of the 
article slated for September, the 
installment here gives history, si- 
militude mechanics and a portion 
of the experimental work. 


Some _ interesting deve 

came out of the July 7 Council 
meeting. See Secretary's Report 
this month. Note also the sugges- 
tions from Local Sections for 
A.1.Ch.E. Directors for the 1951-53 
period. Nominating ballots will be 
mailed from the Secretary's office 
Sept. 1. 


The big problem on C.E.P. is com- 
pression—how to compress all we 
have to publish into the pages the 
budget allows. For instance this 
month (aside from publishing only 
half of Hank Rushton’s article) we 
had to cut down the biggest book 
review we ever received—on G. G. 
Brown's “Unit Operations.” Even 
so it ran two and two-third pages. 
Incidentally Wiley will not have 
the book finished until late this 
month. Our reviewers had to work 
from page proofs. The review 
starts on page 18. 
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water usage by industry—gallon 

per unit product. 


YOUR MATERIAL 


a test run in 
the LINK-BELT 
DRYER LABORATORY 


you can duplicate in your plant 


The Link-Belt Dryer Laboratory is fully equipped with full-scale dryers of every type 
for every drying, cooling or processing need. It is the wisest place to make your 
decisions as to the proper equipment for your plant. You can make decisions based 
upon observable performance on your own material. 


A test run in cooperation with our research engineers can be arranged at your 
convenience. Simply write or phone your nearest Link-Belt Office or Plant. May we 
send you Catalogs Numbers 1911A and 2209? 


COOLERS 


L N K bead B E LT c M PA N Y Cricage Indienepolls 6, Philedelphic 40, Ationte, Houston |, Minneapolis 5, Son Francisco 24, 


les Angeles 33. Seattle 4. Terente Offices in Principe! Cities 
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Vecuum metallizing and coating, 


direct sight into the sun. Again and 
again, the vacuum metallizing beouty 
both has improved products and in- 
creased their sales potentials. 


Kinney Vacuum Pumps work here, tool This continuous vacuum metallizing 
machine, developed by Distillation Products Industries, employs diffusion 
pumps and Kinney Rotary Vacuum Pumps to create the low absolute pressures 
required. As in many other vacuum processes, Kinney Pumps ore used for 
roughing down from atmospheric Pressure to a few microns Hg. abs., and for 
backing the diffusion pumps in quent stages of the process. 


Because of their high pumping speed, their wear-free operation, and their 
ability to consistently create extremely low ultimate pressures, Kinney Rotary 
Vacuum Pumps are ideally qualified for all types of vacuum processing work 
—distillation, exhausting, coating, and metallurgy. If you are planning to use 
low absolute pressures, by all means learn more about Kinney Pumps. Write 
for Bulletin ¥45 — the complete story on Kinney Vacuum Pumps, Oil Separators, 
and Vacuum Pumping Accessories. 

Single Stage Kinney Pumps available in eight sizes: capacities from 13 to 
702 cu. ft. per min. — for pressures to 10 microns Hg. abs. Compound Pumps 
in three sizes: 5, 15, and 46 cu. ft. per min. — for pressures to 0.5 micron 
Hg. abs. or lower. 


KINNEY MANUFACTURING COMPANY 
3546 Washington $t., Boston 30, Mass. 


les Angeles, San F 


Foreign Re: G Stotion Works, Bury Rood, 
W. S. Thomas & Teylor Pty., Lid., Johannesburg, Union of Sovth Africa . Novelectric, lid., 
Zurich, Switzerland. 
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A VACUUM | 
originally developed for bomb sight 
lenses and ovictors’ goggles, is now "yy 
epplied to mony everydey products 
— such as automobile ornaments, re- 
frigerator name plates, costume f 
jewelry, children’s toys, ond scores 
of other items. In many cases, the 
stomthick coating it produces is 
reolly a beouty treatment. In others, 
vocuum metollizing permits important 
bomb sights, for example, permit 
KINNEY Vacuum Pumps 
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Advantages of “KARBATE” equipment are: 


@ Both acid-resistant and alkali-resistant 


@ Light in weight, easy to machine and 
assemble 


@ No metallic contamination of product 
@ immune to thermal shock 
@ Very high thermal conductivity 


NOW... double light at no extra cost! 


Specify the mew and improved “Eveready” 1050 flash- 
light battery and you get more than double the usable 
brilliant white light for critical uses than is available 
from any other flashlight bacery National Carbon has 
ever made. The bactery is leakproof .... 60 METAL 
CAN TO LEAK OR CORRODE! 


HETHER your corrosion problem involves a little 

100-foot “nuisance” pipe line . . . or the outfitting of 
a complete chemical plant, “Karbate” impervious graphite 
equipment offers an economical and efficient solution. 
“Karbate” pipe, fittings, and related equipment are the 
best obtainable for conveying, processing or storing prac- 
tically all corrosive fluids. 


For complete details, write to National Carbon Division, Dept CP 


The terms “Karbate” and “tveready” 
are registered trade-marks of 
NATIONAL CARBON DIVISION 
UNION CARBIDE AND CARBON CORPORATION 
30 Fast 42ad Street, New York 17, N. Y. 


District Sales Offices: Atianta, Chicago Dallas, 
Kamas City, New York, Pitesburgh, San Francisco 


Foreign Department: New York, U. S.A. 
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LET THE HUMANIST MEET THE ENGINEER 


I N recent years there has been considerable criticism of the 
engineer and scientist for not having played a more con- 
spicuous part in the political and social affairs of modern 
society. It is tacitly assumed that this is the fault of the 
scientist, and further, that something is lacking in the science 
and engineering curricula which leads to this state of 
affairs. 

I believe considerable evidence could be assembled to cast 
doubt on the allegations that scientists and engineers are 
not active in civic affairs—particularly at the local levels. 
We all can name persons with scientific training who are 
active in municipal affairs, and I have no fear that the grad- 
uates of our universities and technical schools will not con- 
tinue to do so. I doubt that it is deplorable that “of 531 mem- 
bers of Congress there are six engineers, 299 were 
lawyers.” Is not the legal profession primarily concerned with 
our political and social institutions? We should feel encour- 
aged that there are so many men trained in the sciences who 
are active in governmental affairs, despite the fact that they 
are not in their major field, and that few appreciate the type 
of contribution they can make. And at that these older men 
have not had the advantages of recent efforts to humanize 
and liberalize collegiate curricula in engineering. 

However, there is no particular evidence that an increase 
in the humanistic studies in the science curricula will arouse 
the social consciousness of the scientist and engineer. Surely 
there are men in legal and religious work who are as astute 
and able mentally as the engineer, and they are experiencing 
difficulty in solving our social problems even though their 
collegiate experience has been exclusively in the realm of the 
liberal studies and humanities. The complete answer is not 
that the engineer needs more exposure to the humanities; 
the humanist could be made more conscious of the basic 
philosophies of the sciences 

Perhaps what is needed is an improved cross-fertilization 
of ideas between the humanities and engineering. All credit 
to the engineers for realizing that they should be more aware 
of society and its moral, ethical, and political needs, but this 
is only a part of our present problem, actually it is a minor 
matter in our over-all educational responsibility. It is also of 
great importance that courses be provided in the liberal 
studies, journalism, law, economics, and religious curricula 
to introduce science and engineering philosophy to these 
areas. Students in these fields are primarily concerned with 
the humanistic phases of our society. Is not this the group 
who should be made aware of the capabilities and fields of 
interest of our scientists and engineers? The scientist is con- 
cerned primariiy with what makes things work; the engineer 
in how to assure the occurrence of a desired result. It is to 


Vol. 46, No. 8 


CHEMICAL ENGINEERING PROGRESS 


acquaint the non-engineer with this philosophy that should 
be our object. How can we as engineers expect to influence 
the thinking of our legalists by competing with them in their 
specialties? The reverse would not seem to be reasonable. 
Therefore, why not broaden the educational experience of 
the embryo lawyer or governmental specialist. We need have 
no fear of being left out of the councils of our political and 
social thinkers if they appreciate properly our own special 
scientific fields, and can be shown how engineering thinking 
must be integrated with social thinking 

We have passed through an era in engineering education 
wherein the importance of liberal studies has been empha 
sized. Some feel that we have overemphasized this desirable 
discipline. It is time to consider reversing the process to 
provide engineering experience for the non-engineer. Studies 
on the philosophy of and the potential impact of the work 
of the engineer on society, given from the viewpoint of the 
engineer, must be introduced in our liberal curricula before 
we may expect many men in public affairs to be aware of the 
interaction of science and humanity. When they do, better 
prospects will exist for cooperation between all groups of our 
society. 

Engineering education is young. It will mature in pro- 
portion to the way it develops a philosophy and makes that 
philosophy known and felt by our community. We need men 
who will take time to interpret the capabilities and limita- 
tions of the engineer with respect to other components of 
society. I hope someday we may see a professor of engineer- 
ing giving lectures to students in liberal curricula and 
explaining the philosophy of science and the possible inter- 
relations of engineering and our social order. 

As chemical engineers we realize how adaptable and 
elastic our process industries can be. We must be aware of 
the social and political implications of our acts, and how 
the acts of government put new boundaries on our thoughts. 
I plead for an equivalent understanding by thé ricn-engineer, 
so that he may be in better position to integrate his thoughts 
and acts with those of the engineer. We now lack a large 
measure of cooperation in our daily social problems, not 
alone because the engineer may not be a good enough hu- 
manist, but also because the humanist is not well acquainted 
with the scientist. Let us mature to the point where we 
will tell the non-technical men of our work; it is an im- 
portant and interest-absorbing story. It is not the story of 
the popular press; it is a story with deep moral and social 
significance. It should be told by engineers to non-engi- 
neers. It should be done at the university during the stu- 
dents’ formative years, and it should also be done later 
whenever the engineer has the opportunity 


J. Henry Rushton 
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tt may cost pennies more in the can 3 
it costs dollars less on the tank 


HERE'S only one sensible way to measure cost 
when you buy paint to protect a 10,000 

allon tank from corrosive attack, and that's cost 

er year per square foot of protection. A 10% sav- 

ng in cost per gallon in the can doesn't mean a 

hing if the paint fails on the tank. More coverage 

*r gallon is just another headache if the paint 

Im on the tank is “protection thin.” 
When you ask a paint film a few thousandths 
of an inch in thickness to protect equipment cost- 
ing thousands of dollars, it just doesn't pay to 
buy anything less than the best, no matter how 
many pennies you save in cost per gallon. 
That's why you'll find chemical plants with low 
cost maintenance records use Tygon Paint almost “ 
exclusively: to protect concrete or steel tanks, ing. No cost. 
structural steel work, walls, ceilings, and o obligation, 
machinery and equipment exposed to corrosive 
fumes, They know the few cents more per gallon 
means dollars less per year. 


u. s. STONEWARE 
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In the July issue Chemical Engineering Progress published three papers contributed to the Waste Disposal 


Symposium at the Pittsburgh meeting. . . . In this issue the Symposium is concluded with the publication 
of three more papers . . . the first explains how one chemical plant solved its aerial pollution problem 
. . » another concerns the treatment and utilization of beet sugar process waters and the third tells of 


A CHEMICAL PLANT'S SOLUTION OF 


a stream pollution abatement program for organic chemical wastes. . . . 


WASTE DISPOSAL 


AERIAL POLLUTION AND 
WASTE DISPOSAL 


FRED LORENTZ 


Hoffmann-La Roche, Inc., Nutley, New Jersey 


HE purpose of this paper is to 

describe the manner in which one 
chemical plant, manufacturing a multi- 
tude of pharmaceutical compounds and 
their intermediates, is solving its waste 
disposal problems. 

The Nutley (N.J.) plant of Hoff- 
mann-La Roche is spaciously arranged 
in a residential community of about 
25,000 people. Since 1938, there has 
been a rapid expansion of production, 
and the institution of new processes, 
notably the synthesis of vitamin B,, 
which have given rise to many waste 
disposal problems, requiring integration 
and adequate control. 

All waste disposal is handled through 
three channels : 


1. Adsorption of obnoxious gaseous 

wastes at their source 

Incineration of all objectionable 
liquid and solid wastes 

3. Neutralization of acid wastes and 

pH control of all water discharged 

to the public sanitary sewers 


Aerial Pollution Control. The princi 


pal potential aerial pollution offense 
arises from a tew steps in the vitamin 
B, synthesis where the production and 
handling of sodium dithioformate is in- 
volved. The vapors have a tenacious gar- 
lic-sulfide stench, as do mercaptans and 
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hydrogen sulfide which in traces in the 
air, will adhere to skin and clothing of 
anyone walking through the operational 
area, making him conscious of the odor 
for hours afterward. This smell, uncon- 
trolled, can be readily carried by the 
wind for several miles, and can be the 
source of numerous complaints from the 
residential neighbors. Experiments were 
made to determine the best method of 


adsorbing these odors. The only method 
which proved satisfactory was the use 
of activated carbon filters. This is rather 
an expensive method because the carbon 
cannot be regenerated in the usual man- 
ner with low. pressure steam since it 
requires regeneration temperatures of 
1000 to 1100° F. to liberate the adsorbed 
material. Hot flue gases are available 
but the concentrated smell thus liberated 
reintroduces the original problem of the 
ultimate destruction of the odorous 
material. Our procedure is to ship the 
spent carbon laden with fumes in sealed 
containers to the suppliers of the acti- 
vated carbon. These people reactivate 
the returned material, reclaiming about 
three quarters of the original charge. 
The cost of reactivation make-up with 
fresh carbon and shipping charges is 
about $600 every six months. This cost 
includes the labor charge for replacing 
the spent canisters with a complete set 


of spares at a time when a shutdown of 


Fig. 1. A Dorex Charcoal Canister 
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will not imeconvenience this 
process operation 


about 6 hrs 


This odor adsorption system consists 
of a low speed exhaust fan drawing 
12,000 air at mM. sp 
through a manifold duct con 
nected to the vents of about 15 pieces 
of equipment, all handling the malodor 
Additional 
the duct work draw air from the general 
area of the building housing this process 


mn. ot 
system 


ous intermediates inlets im 


aml the entire mass is discharged 
through air-conditioning-type dust filters 
(total cross section about 33 sq.ft.) fol 
lowed by the distribution plate bearing 
Sas 


The resistance of the canisters is 0.14 


Dorex-type 42 carbon canisters 


m. of water with an air flow of 24 cu 


it./(min.)/(unit). The total weight of 
fresh carbon used is approximately 800 
Ib. and it will pick up between 300 to 
400 tb 
Morsture and traces of organic 
the stx-month cycle 
aving this adsorption system is entirely 
ree of the odor The 
ther air-borne contaminants generated 
» the 


of air-borne material including 
solvents 
The air stream 


objectionable 


chemical operations of other 


rocesses are easily scrubbed from the 
xhaust streams and present no difficult 
roblem. Hydrogen sulfide, 


nitrous oxide and similar com 


hydrogen 
hloride, 
on air conmtamimants are controlled by 
crubbing with caustic solution 


Solid 
There are considerable volumes 


Incineration of Liquid and 
tastes 
t waste liquor generated by the various 
processes at Roche particularly from the 
itamin B, synthesis, the disposal of 
hich presented a formidable problem 
1000 gal. of 


liquor 


nut 
Ikaline 


tench of the type previously described 


fairly concentrated 


waste having a heavy 


be disposed of daily. Chemical 

ot this odorous fraction with 
each does not destroy satisfactorily the 
hor. Lf this to the 


solution were run 


sewers, the persistent odor 
escaping trom the sewer vents along the 
way would provoke the populace to com 
plain bitterly. Added to the problem of 
disposal variety of other 


was a 


Waste some combustible and ‘all not 
suitable for direct drainage to the sewer 


Nichols 


of New 


Ng incering & Rese urch ory 
York 
unl supervise the 
Hiler 


kssentially it is a 


was engaged! to design 
erection of a modited 
garage mecmerator 

large rectangular 
comnected to a 


tt 


chamber 
natural drait stack 
Waste liquor is 


ground holding tanks through tw 


combustion 
out 
pumped 
nickel spray jets from opposit 

the combustion chamber which main 
tained automatically at 
1100 to 1200° The 
maintained by 


40 cult 


4 temperature of 
temperature 1 
burning 


tuel 


two gas flames 


min. of 530 
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Fig. 2. A Bank of Charcoal Canisters 


additional source of heat comes from a 
steam-atomized oil jet burning No. 2 oil 
This oil jet cuts in automatically if the 
temperature in the chamber drops below 
900° F. and will shut off at about 1000 
F. Solid waste in the 


form Of paper, 


wood and other combustible or obnox 


ous waste ts manually fed to the com 


bustion chamber through a trap door 
trom an overhead loading floor conven 
ient to the trucks. Automatic 
controls cut the gas from full burning 
to pilot temperature 
due to rapid burning 
It has been found 


necessary to maintain the temperature in 


retuse 


flames when the 


1300° F 


ot combustible wastes 


exceeds 


the combustion chamber above 1000° F 
to imsure complete destruction of all 
odors 


Operating this unit about 6 hours 


a day, 6 days a week, approximately 
24,000 gal. of aqueous material is flash- 
evaporated and burned along with about 
140 tons of solid a typical 
month. The amount of residue removed 


pits of the 


waste im 
trom the ash mecimerator ts 
mall and ts carted away to the public 
dumps along with other acceptable re 
Over-all 


stuched at several intervals indicate that 


fuse burning characteristics 
used and the 
air flow through the stack is about 1800 
at 0.2 in H,( ) draft and the 


entirely 


about 70° excess air is 


cu.tt. mom 


discharge is free of visible 


smoke 

Controls on this equipment consist of 
volume indicators on the waste-liquor 
hokling tanks and the 


ermal 


fuel-oil ervoit 


sensitive elements in 


bustion chamber and stack indicate tem 


ind automatically regulate gas 


perature 
ind oil jets 
Noteworthy 


tion of the incinerator include the pur 


features in the construc 
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posely weakened arch in the roof of the 
combustion chamber which will harm- 
lessly fly apart in the event of explosive 
pressures furnace. 
Although there is a pair of explosion- 
opening doors on the combustion cham- 
ber, the light, loosely assembled arch is 
an added safety feature which proved 
valuable on one occasion. 
heavy wire cage 
catch the flying 
an explosion. 


developing in the 


There is a 
enclosing the arch to 
brick 
Regarding general fur- 
nace construction it has been found that 
ordinary hard-surfaced furnace wall 
brick will resist the high velocity abra 
sion of the furnace gases and the ther- 
mal shocks of daily shutdowns better 
than many more expensive materials 
tested. The two-level grading around 
the incinerator building makes it conven- 
ient for unloading solid waste to the 
feed chute and removing waste ash at 
the lower level near the ash pit. 


in the event of 


Efuent Water Control. The final 
aspect of waste disposal control is con- 
cerned with the treatment of water dis 
charged to the public sanitary sewer. In 
addition to the usual sanitary 
common to all disposal 


wastes 
installations 
there is the problem of preparing the 
chemical waste solutions so that they will 
be acceptable to the sewerage commis 
This means that the plant dis- 
charge cannot be acid in pH and must 


be reasonably free of noxious odor. 

In principle, the method of sewerage 
treatment is simple. Application of lime 
to the effluent will maintain the pH 
above 7, and the liberation of odors is 
likely from an alkaline waste. It 
has taken several years and much serious 
study to develop equipment and tech 


least 


niques to handle the fluctuating pattern 
ot the water wastes of our plant. A 
treatment just com- 
pleted incorporating much of this ex- 
perience 


station has been 


All branches of the plant system con- 
The 
acid-bri« k lined 
it ts maxed with a stream of lime slurry, 
should the pH of the sewage call for it 
In this treated form, it flows to the 
public sanitary system 


verge into a entering the 


station 


main 


himang water flows into 


large chambers where 


Che lime station 
processes about 6,000,000 gal. of water 
a day. Recording pH instruments on 
this mstallation sample the flow at the 
entrance and exit of the liming station 
as a check on the automatic control sys 
tem regulating the flow of lime to the 
effluent stream. Auxiliary equipment in 
cludes a port for loading bags of lime 
to the hoppers of the 


with dust control protection and a char 


feed mechanism 


coal scrubber to purify the gases vented 
The 


bags of lime are opened in a hood-shaped 


trom the plant sewerage system 


enclosure connected to an exhaust fan 
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This dust-laden air is drawn through a 
Schneible-type water-washed column 
before being discharged to the atmos- 
phere. 

A separate system consisting of an 
exhaust fan and a chamber holding 
frames of activated carbon draw air 
from the vent chambers of the water 
carrying mains and adsorb any malodor- 
ous fumes which are occasionally liber- 
ated. 

Plans are nearing completion to sepa- 
rate the storm sewer water through a 
separate system which by-passes the 
liming station and public sanitary system 
discharging the stream to a local brook, 
A settling pool equipped with a scum 
collecting baffle will monitor the water 
from the storm system and, if acid 
should accidentally run into this system, 
a pH controlled gate will divert the flow 
through the liming station. 


Summary 


The experience of Hoffmann-La 
Roche in Nutley has shown that acti 
vated carbon is the most effective method 
of arresting air-borne odors which can- 
not be easily destroyed by chemical 
scrubbing solutions. This method is con- 
venient to operate and has a high ca- 
pacity resulting in a fairly long adsorb- 
ing cycle. The flexible design of the in- 
cinerator has made it possible to dispose 
of large quantities of a wide variety of 
liquid and solute wastes in a completely 
innoxious manner, even to the extent of 
disposing of objectionable aqueous solu- 
tions. The sewerage liming station pro- 
vides adequate and automatic control of 
the condition of all plant effluents enter- 
ing the public sewers and waterways 


Discussion 


John Hardy (Du Pont Co. Wil- 
mington, Del.) : Why did you go to so 
complicated a design on the carbon ab- 
sorher? Was it pressure drop? 


Fred Lorentz: That principally. As 
you realize, in an air-conditioning unit 
pressure drop is very important. Fan 
characteristics are such that if the resis 
tance of the bed were doubled, the flow 
of air would be cut to less than half of 
what we hoped for in 12,000 cu.ft. /min. 
It is necessary to keep the pressure drop 
as small as possible, to keep the air 
handling capacity high with a reasonably 
low power consumption. As it is now, 
the bed is about 1 in. thick and the total 
cross-sectional area is about 1000 sq.ft 
of carbon surface. 


John Hardy: What was the pressure 
drop through this system ? 


Fred Lorentz: Three quarters of an 
inch of water, static pressure. 
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ig. 3. Waste Liquor y Removed from Its Socket in Side Wall of 
Fig Liq fon 


tor Cha 


Anonymous: Would you describe a 
couple of things you tried which did 
not work. Perhaps you tried some aque- 
ous solutions for absorption ? 


Fred Lorentz: We did. It was be- 
lieved that alkaline solutions would ab- 
sorb the acid sulfide smell, but such a 
scrubber did not work. Then an alkaline 
sodium hypochloride solution was used 
in the hope that the bleach would oxidize 
the odors. This system was not success- 
ful in containing the garlic-like dithio 
formate odors. Acid oxidants are of no 
value since they would immediately 
break down the sodium dithio formate 
and give acid sulfide fumes. This is an 
impure mixture, sodium dithio formate 
being the least malodorous compound in 
this mixture. Serious consideration was 


mber 


given to the use of ozone as an oxidizing 
system for destroying the odors but the 
engineering aspects of it were too ex- 
pensive and too uncertain for it to be 
seriously exploited. 

We would be interested to hear from 
anyone who has faced a problem of this 
type and has been able to destroy the 
odor chemically because it is a problem 
of the destruction of the odor, not its 
simple adsorption. 


Hartley Laboratories Representa- 
tive: Have you tried this method on 
fermentation wastes of any sort? 


Fred Lorentz: Fortunately the odor 
from the few fermentation processes we 
have is no serious problem, so we haven't 
tried it. 


Fig. 4. View of Lime Dust Scrubber and Sewer Vent Charcoal Absorber in 
Liming Station 
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BEET SUGAR PROCESS WATERS— 


TREATMENT AND UTILIZATION 
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slow but consistent degradation 
of the lakes, rivers, and 
United States by pollution from 
sewage and mdustrial 


the problem, This 
minated on a national scale by the 
of Public Law 845 
ghtieth Congress in 1948 

wides for a nation-wide water pollu 
ontrol program under the jurisdic 

m of the Public Health Service ot the 
Security Agency 
m has brought the focus of attention 
large waste-producing industries 
beet sugar industry tinds itself on the 
t of offenders 
recovery or elimimation 
om beet sugar factories is an old one 
beet sugar industry 
a profitable basis in the United 


Alvarado, Calif 


development of the beet sugar 
lustry has been rapul 
ts are grown by about 80,000 farmers 


Diffusion 
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Process 
Woter 


Fig. 1 


sroused nation-wide recogni 


However, the problem 
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in 21 different states. During 1947 
there were 85 beet sugar factories (2) 
operating in 16 states, having a daily 
sheimg capacity of 153,400 tons of beets 

The beet sugar industry generally pro 
vides about one fourth of the total sugar 
consumed in the United States. In 1947 
this amounted to 1,575,060 tons of re 
tined beet sugar (78). This quantity of 
refined sugar necessitated the growing, 
harvesting, and processing of 12,504,000 
tons of sugar beets. Thus, it can be 
readily seen that the beet sugar industry 
is a sizable one, and is an important part 
ol our present economy 


Beet Sugar Wastes 


rhe beet sugar industry produces five 
wastes that are of interest to sanitary 
engineers. They are 


1. Flume water used for transporting 
and washing the beets 
2. Process waste water consisting of the 


“hattery wash,” which results from 


Lime Condensor 
Coke Woter 


Flow Sheet of Beet Sugar Manufacture 
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the operation of flushing the exhausted 
cossettes from the diffusion battery 
cells, and the “pulp press water” re- 
sulting from the partial dewatering of 
the exhausted pulp. 


3. Lime cake or lime slurry resulting 
from the carbonation process 

4. Evaporator condensing water from 
multiple-effect evaporators and va- 
cum pans used to concentrate sugar 
lutions 


Steffen's waste resulting from the 
additional extraction of sugar from 
the molasses employing the Steffen’s 
process. 


While this paper is concerned solely 
with the treatment and utilization of the 
process waste water, a short discussion 


ot each waste ts necessary to explain 
the relative significance of this develop- 
ment. The source of these wastes and a 
schematic flow sheet of the manufacture 
ot beet sugar are shown in Figure 1. 


Flume Water. The flume water, con- 
sisting of the transport water and the 
water used in the beet washer, is a large 
volume waste. It has a high suspended 
solids content of essentially dirt, sand 
and debris, but its characteristics depend 
considerably on the nature of the wea- 
ther during harvest and the extent of 
beet spoilage in the stockpile. The vol- 
ume of the waste may vary from 2,000 to 
3,000 gal./ton of beets sliced. The Bio- 
chemical Oxygen Demand (B.O.D.) ot 
the flume water varies considerably and 
reflects the condition of the beets being 
processed. Fluming of partially decom- 
posed and imperfect beets generally re- 
sults in a sigmificant imcrease im the 
B.O.D. of the waste. The 5-day 20° C, 
B.O.D. of waste normally varies from 
75 to 300 p.p.m. and the suspended 
solids (S.S.) from 150 to 600 p.p.m The 
problem imposed by the flume water ts 
not a difficult one, in that it lends itself 
readily to conventional methods of sew- 
age treatment. Recirculation and reuse 
of this waste employing sedimentation, 
and in some cases chemical treatment, 
have essentially solved this waste 
problem. 


Lime Cake. The lime-cake problem is 
of minor importance since the waste is 
generally disposed of by lagooning or a 
utilization method. In many instances, 
the lime-cake slurry after drying in 
ponds, is sold to local farmers tor its 
agricultural and fertilizing value. It also 
appears feasible to eliminate the dilution 
of the lime cake to a slurry and to dis- 
pose of the cake in its semidry state. 
The volume of drainage from lime stor- ¢ 
age ponds was reported by Eldridge (7) 
to be approximately 75 gal. /ton of beets 
sliced, having a 5-day B.O.D. of approx- 
imately 1400 p.p.m. Occasionally the 
lume cake has been used in allied treat- 
ment processes for its value as a co- 
agulant 
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Condenser Water. The evaporator 
condensing water is a rather innocuous 
waste in that it is not very strong on 
a B.O.D. or S.S. basis. Its oxygen- 
demanding capacity is generally deter- 
mined by the amount of carry-over and 
vapor entramment, which depends on 
operating conditions and the efficiency 
of the equipment employed. One signifi 
cant objection to the discharge of this 
waste is its relatively high temperature 
Some tactones have overcome this by 
installing cooling ponds and reusing the 
water either for condensing purposes or 
for fluming the beets 

The B.O.D. and S.S. content of this 
waste may vary from 10 to 80 p.p.m 
Che volume of the waste is reported by 
McDill (12) to be approximately 1400 
gal./ton of beets sliced. The population 
equivalent is from one to six persons 
per ton of beets processed. 


Steffens Waste. The waste resulting 
from the additional extraction of sugar 
from the straight house molasses, by the 
Steffens’ process, is known as the Stef- 
fens waste. It is relatively small in 
volume, but extremely high in oxygen- 
demanding properties Eldridge (7) 
reports the waste to be about 120 gal 
ton of beets sliced, having a 5-day 
B.O.D. of about 10,000 ppm. The 
waste contains from 5,000 to 7,000 p.p.m. 
of sucrose, plus a considerable amount 
of organic nonsugars that have been 
concentrated in the waste by repeated 
extraction of sugar. The waste is ex- 
tremely high in dissolved solids and has 
been the object of many utilization 
studies. In recent years factories which 
have employed the Steffens process have 
evaporated the waste in multiple-effect 
evaporators, and have sold the concen- 
trated product to processing firms which 
have processed the waste further to re- 
cover valuable amino acids.. The most 
notable of these is the recovery of glu- 
tamic acid in the commercial form of 
In addition, the 
market value of the straight house mo 


monosodium glutamate 


lasses has been sufficiently high in many 
instances that it was not economically 
feasible to operate the Steffens house 


Process Waste Water. The process 
waste water, which consists of the “bat- 
tery wash water” and the “pulp press 
water,” is the most objectionable waste 
from a beet sugar factory not employing 
the Steffens process. Figure 2 is a flow 
diagram showing the operation of a dif- 
fusion battery and the origin of the 
process waste water 

The process waste water has a sugar 
content varying from 800 to 2500 p.p.m 
as sucrose, plus a considerable amount 
of organic nonsugars in solution. The 
5-day B.O.D. of the waste may vary 
from 1,009 to 2,500 p.p.m. depending on 
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TABLE 1~ Typical of Beet Sugar Wetere 


Determinst ion Treee Process Beste 

ter Water 

Pizet Sclie 10 ee 

Total Solis 4,000 3,000 

Veletile Solids T 

Pizeé Soligs 

20°C, 3.0.0, 2,200 1,600 

Chem Dewané 2,000 1,000 
(Dichromate Method) 

Protein ae v0 oe 

Sucrose pe 2,000 1,000 

operating conditions \ considerable General Problem 


portion of the B.O.D. of the waste re 
sults from its sugar content, essentially 
sucrose, with only a small amount of 
The su 
gar content of the waste and conse- 
quently, the B.O.D., depends to a great 
extent on a large number of factors, 
such as the size and condition of the 
cossettes, operation of the battery, leaks 
trom the cells, and operation of the plant 
in regard to the amount of water used 
for the diffusion process. The popula 
tion equivalent of the waste ranges from 


invert sugar normally present 


15 to 60 persons per ton of beets 
processed 

The waste has a 5.5. content of about 
1,000 p.p.m. or more, consisting mainly 
of small particles of pulp and dirt. The 
amount of pulp present is dependent 
upon the fineness of the fanger screen, 
as well as the set of the pulp presses. 

The organic nonsugar content of the 
waste is relatively high, the protein 
content alone amounting to 300 to 500 
p-p.m. The temperature of the waste at 
discharge is approximately 50° C. Typ- 
ical analyses of process waste water are 
shown in Table 1. 

The volume of process waste water 
may vary from 300 to 500 gal./ton of 
beets processed. Eldridge (7) reported 
the volume of waste as 660 gal./ton; 
however, that figure is liberal, especially 
for plants employing water conservation 
practices, At the present time, many 
factories use the process waste water 
for washing the battery cells prior to 
recharging with fresh cossettes, and in 
this way have considerably reduced the 
volume of waste. The writer's exper 
riences in two beet sugar factories in 
Ohio tend to indicate a figure of ap 
proximately 325 gal/ton. It must be 
noted, however, that both these plants 
have given considerable attention to pol- 
lution abatement; hence, they probably 
represent the lower range of waste 
volumes. 
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Numerous attempts have been made 
to treat and reuse the process waste 
water by the beet sugar industry. The 
investigations concerned with this waste 
have been, for the most part, undertaken 
in England and in Europe. Such studies, 
of course, were brought about by a more 
critical need in those areas due to the 
concentration of population and industry 
than has been experienced by the beet 
sugar industry in the United States 
investigational work 
was done on biological treatment meth 
ods as a means of final treatment and 
disposal of the waste, but little success 
was attained, due largely to the charac 
teristics of the waste and its seasonal 
duration. In recent years, attention has 
been directed more towards the reuse 
and utilization of the process waste 
water with the purpose of recovering the 
sugar and the water. Wintzell (17) 
described the development of a patented 
Wintzell-Lauritzon process. The proc- 
ess consists of treating the pulp press 
water with sulfuric acid, or some other 
inorganic acid to a pH of 3.6 in order 
to precipitate the albumin in the waste. 
The precipitate is separated by decanting 
and centrifuging and the clarified waste 
water is returned to the diffusion proc- 
ess. The precipitated albumin is sold for 
use as a stock food supplement. There 
are several disadvantages to this process 
that are cited by MacDonald (11); such 
as, excessive corrosion caused by the 
low pH, loss of sugar in the waste due 
to inversion at the low pH, and a loss 
of pulp due to the dissolving action of 
the treatment on the pectins, etc., in the 
pulp 

Bachman (3) reported that the Wint- 
zell-Lauritzon process is employed in 19 
beet factories in Sweden and that little 
trouble has been experienced with cor- 
However, Bachman suggested 
that the tanks for the treatment units 
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Fig. 2. Origin of Process Waste Water 


should be constructed of either phos- 
phor bronze or stainless steel 
MacDonald (10) discussed the recir- 
culation of the process waste water for 
use as battery or extraction water with- 
out any treatment, to eliminate the or 
anic nonsugars. He cited difficulties 
neountered due to gas produced during 
he diffusion process In order to combat 
difhculty, it was recommended that 
recirculated wastes be heated to 
C., and the pH be adjusted to about 
with lime before returning the wastes 
© the diffusion battery 
meng argument was the saving in 


His most con 


ugar tor a factory successfully employ 
ng the reuse of the process waste water 
le reported savings of 200 tons of 
ugar, 350 tons of molasses and 1125 
ons of dry pulp tor a tactory having at 
50,000-ton beet campaign 
It should be pointed out that there are 
wo significant disadvantages to employ 
ing the process as proposed by Mac 
Donald, First, the heating of the large 
olumes of returned 
” C. involves considerable equipment 


water to about 


Second, recirculation of 
without any 
Treatment to remove organic nonsugars 


md expense 
¢ process waste water 
esults in a build-up of dissolved and 
solids in the 
system, and may decrease the circulation 


uspended recirculation 
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Fig. 3. 
Process Waste Water with Chlorine 


Removal of B.O.D. from 
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of the diffusion juice in the battery, as 
well as place an additional load on the 
carbonation process 

McDill (12) discussed the experiences 
of the Buckeye Sugar Co., at Ottawa, 
Ohio, in regard to attempts at clarifica- 
tion of the process waste water with the 
return of a portion of it to the battery 
cells for juice extraction. Personal com 
munication (6) with J. S. Eckert, super- 
intendent of The Buckeye Sugar Co., 
revealed that during the campaign of 
1941, when clarification and reuse were 
employed, considerable difficulty was ex- 
perienced, due mainly to fermentation of 
the returned process waste water, Clar- 
iheation with lime was also attempted, 
but was likewise discontinued because of 
adverse conditions in subsequent proc- 
esses brought about by the lime treat- 
ment, 

In practically all cases where reuse of 
the process waste water has been at- 
tempted and special attention not given 
to disinfection, operating difficulties due 
to termentation were encountered. On 
this basis it seemed logical that a treat- 
ment and utilization process employing 
chlorine, a disinfectant, 
would aid in solving the problem 

In view of the fact that the temper 
ature existing in the return water cir 
cuit and in the cells of the diffusion 
battery varies from 50° to 70°C. or 
higher, it was readily apparent that the 
orgamisms responsible for the objection 
able fermentations were thermophiles 


recognized 


Ihe presumed disinfecting action of 
chlorine on those thermophiles was veri- 
hed by the writer both in the laboratory 
as well as m actual plant studies. 

\ recent article by Allen et al (7) on 
studies made in England reported the 
effect of chlorine on strains of lacto 
bacilli isolated from the diffusion bat- 
tery. Their results showed that chlorine 
dosages of 40 p.p.m. applied to the re- 
turn water acting for 25 to 30 min. at 
55° C., in laboratory samples, destroyed 
more than 99° of the bacteria present 
and virtually eliminated the lactobacilli 
Plant experiments with small chlorine 
dosages (19 ppm, ) appled to the bat 
tery supply tank resulted in an increase 
in pH and a decrease in corrosion in the 
Allen 


et al, are in good agreement with many 


return water circuit. Findings of 
observations of this investigation 

Dormal (5), a European investiga 
tor, has reported on an attempt to reduc« 
fermentation in the diffusion battery by 
rather 


elaborate setup was required to facili 


the use of hypochlorous acid 


tate passing a chlorine solution through 
contact beds of calcium carbonate to 
neutralize the hydrochloric acid before 
adding the solution to the battery. How 
ever, the operation of this process. which 
requires maintamming the diffusion wash 
water trom the pulp 


separate press 
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water, created about a 10% decrease in 
the daily capacity of the plant, which 
is a Significant economic disadvantage. 

While in these processes an attempt 
has been made to utilize the disinfecting 
action of chlorine under various condi- 
tions, it is apparent that a consideration 
of them has been limited te only one 
aspect of the problem. Attention has 
been focused on corrective measures to 
aid in solving operational problems at- 
tributed to fermentation during the dif- 
fusion process, rather than in the direc- 
tion of the purification of the water, in 
order to permit its most beneficial effect 
on the operation of the factory. The pur- 
pose of this paper is to summarize the 
research and development of such a 
purification and utilization process in 
the laboratory as well as the results of 
the actual operation of the process on 
plant scale in two different factories. 

It should be noted that the treatment 
and utilization process, as described, is 
directly applicable only to those plants 
employing the conventional cell-type 
diffusion battery. The process does not 
apply to the newer factories employing 
the patented continuous diffusion batter- 
ies. 

The economic justification of the dual 
approach of the recovery of appreciable 
quantities of sugar, and at the same time 
the complete elimination of the waste 
from stream pollution 
are apparent. 


considerations 


Experimental Procedure 


Chlorine has been successfully applied 
in the treatment of a wide variety of 
industrial wastes. This is attributed to 
its ability to act in a number of ways 
to bring about a desired end. The three 
most notable characteristics of chlorine 
are as follows: 


1. A potent oxidizing agent. Advantage 
is taken of this property in the treat- 
ment of cyanide wastes which are oxi- 
dized to unobjectionable end products 


(4) 


< 
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Fig. 4. Removal of C.O.D. from 
Process Waste Water with Chlorine 
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2. An effective coagulant under proper 
conditions, especially for protein mat- 
ter. This property has been exploited 
by Dr. Halvorsen in his method of 
packing house waste treatment (4) 

3. An effective disiniecting agent. This 
role of controlling biological growth 
has been effectively used im the paper 
industry to allow recycling of water 
to reduce fiber losses and conserve 

water (16) 


The 
pre cess 


laboratory investigations on 
waste water were conducted 
using this multiple-action chlorine, with 
the development of a cheap and effective 
method of treatment as the objective. In 
view of the characteristics of process 
waste water, previously discussed, it is 
apparent that chlorine is well suited for 
its role in the treatment process. 


Laboratory Method 


Chemical coagulation of process waste 
water was studied under laboratory condi- 
tions using several dosages of chlorine at 
each of a number of pH levels. The studies 
were conducted at room temperature, 
about 25° C., due to lack of available facili- 
ties for conducting the studies at 50° C., 
which is the temperature encountered in 
practice. Operation of the jar studies was 
uniform and consisted of a rapid mix for 
chemical dispersion of one minute, followed 
by a 30-min. flocculation period, and a 
6)-min. sedimentation period of quiescent 
settling. At the end of 60-min. sedimenta- 
tion, samples of the supernatant were drawn 
off and analyses were made on the raw and 
treated wastes, in order to determine the 
efficiency of the treatment at each pH level 
B.O.D. and Chemical Oxygen Demand 
(C.O.D.) tests were made on the raw and 
treated wastes. For the C.O.D. determina- 
tion, a modification of Rhame's (1/4) 
method of determining the C.O.D., using 
potassium dichromate as an oxidizing agent 
in an acid solution was used. The procedure 
consisted of a one-hour period of digestion 
in an all glass reflux apparatus similar to 
that proposed by Ingols and Murray (9) 


Experimental Results 


The treatment of process waste water 
with chlorine yielded rather remarkable 
results. Removals of B.O.D. as high as 
60% and of C.O.D. of 80% were ob- 
tained with chlorine dosages as low as 
25 p.p.m. at a pH of 6. Comparable 
results were obtained at a pH of 5, when 
chlorine was added; however, without 
chlorine the coagulation at pH 5 yielded 
poor results compared with the chlorine- 
treated sample. Little difference in re- 
movals was obtained by chlorine dosages 
of 25 or 50 p.p.m. or higher. It should 
be noted that at the optimum pH for 
coagulation of about 6, almost as good 
B.O.D. removals were obtained at that 
pH without the addition of chlorine. 
However, the C.0.D. removals were 
about 25% lower than those attained 
with 25 p.p.m. of chlorine. Figures 3 
and 4 demonstrate the effect of chlorine 
dosage and pH on the per cent removal 
of B.O.D. and C.0.D 


While the per cent removals of B.O.D. 
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Fig. 5. Flow Diagram of Treatment and Utilization Process at Buckeye Sugar Co. 


and C.O.D. appear father high in view 
of the sugar content of the waste, sev- 
eral factors should be explained. First, 
the samples of waste were obtained at a 
time when the sugar content of the waste 
was low, and the organic nonsugars 
considerably higher than normal, due to 
the fact that the factory had slowed 
down waiting for beets, which resulted 
in a lengthening of the actual period of 
diffusion. Second, the waste was trans- 
ported from Ohio and was kept for sev- 
eral weeks for laboratory experimenta- 
tion, although a preservative was used. 
These two factors may have had influ- 
ence on the numerical results; however, 
the significant observations are the dif- 
ference in removal between the control 
and the chlorinated samples and the 
effect of pH on the organic removal. 

It is important to note that although 
the B.O.D. removal from the waste was 
approximately 60% at the optimum pH 
conditions, the actual removal and stabil 
ization of organic nonsugars is consid- 
erably greater. This is explained by the 
fact that the B.O.D. test, as well as the 
C.O.D. determination, measures the 
oxygen required for partial or complete 
stabilization of the organic content of 
the waste, including both sugars and 
nonsugars. Since the chlorine treatment 
of the waste is specific for the non- 
sugars, having no effect on the sucrose 
content of the waste, the removal of 
B.O.D. and C.O.D. achieved by the 
treatment was accomplished by the re- 
action of chlorine with the organic non 
sugars of the waste. Hence, the actual 
removal of organic nonsugars was con- 
siderably greater than that expressed in 
terms of the original B.O.D. and C.O.D. 
of the waste. This confirmed the theo- 
retical consideration that the chlorine 
treatment might serve as a defecation 
process for the removal of organic non- 
sugars from the process waste water. 
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The treatment of the process waste 
water was not attempted at levels lower 
than pH 4, in order to avoid chemical 
inversion of sucrose to the invert sugars 
glucose and fructose and the resultant 
loss of marketable sugar. 


Ottawa Plant Studies 


Description of Buckeye Sugar Fac- 
tory. As a result of the findings of the 
laboratory investigation, arrangements 
were made with the Buckeye Sugar Co., 
Ottawa, Ohio, to install and operate the 
treatment and utilization process on an 
experimental basis during the 1948 cam- 
paign. 


The factory of the Buckeye Sugar Co 
has a rated capacity of 1,000 tons/24 hr., 
and operates what is known as a straight 
house. The plant employs a standard dit- 
fusion battery consisting of 14 bottom dump 
cells, each cell having a capacity of 3 tons 
of beets. Operation at rated capacity neces- 
sitates the loading and emptying of a cell 
every 4.3 min.; hence, the flow of process 
waste water is almost continuous. The 
carbonation process for the removal of non- 
sugars from the diffusion juice is operated 
on a batch basis. Consequently, it lacks 
some automatic control features associated 
with the more modern continuous carbona 
tion process. The exhausted pulp is pressed 
in rotary presses, dried to about a 14% 
moisture content in a double pass rotary 
drier, and is sacked and sold as stock feed 
The pulp press water is returned to the 
pulp pit to facilitate removal of the pulp 

Handling of the process waste water at 
the plant for the last few years, and prior 
to the installation of the treatment and 
utilization process, consisted of screening 
and partial sedimentation of the waste prior 
to its discharge, with none being reused for 
battery supply water 

The mixture of pulp and water was 
pumped to a pulp fanger, essentially an in- 
clined screen having openings between the 
bars of approximately 4 mm., along which 
the exhausted pulp was dragged by means 
of wooden flights, thus separating the 
larger pulp particles from the process waste 
water. The process waste water was then 


Page 383 


Moke Up Diffusion 
Woter Juice to 
Pulp Pit 
» For 
pM Control 

d 


passed through a 40-mesh rotar 
a 1500-gal. tank prior to its discharge to 
the The 1,500-gal. tank served as a 
combined settling tank and pump sump for 
the high pressure battery washout 
thus permitting the reuse of the 
waste water to wash out the cells 

The treatment installation used in 
plant experiments consisted of two tanks 
© tt. in diameter by 10.5 ft. in depth 
aml a tray-type sludge thickener which was 
used as a final sedimentation tank. The 
sludge thickener was & ft. in diameter and 
1] ft deep and was equipped with conical 
bottoms to permit sludge removal 

Fiwure a flow 
treatment utilization process as em 
Buckeye Sugar Co The 
added to the waste in 
the chlorine solution 
means of a silver tubx 
tuser mte the flow of the waste at the 
aml the lime slurry 
rubber the 
order to maintain 


screen amd 


sewer 


pump, 
process 


these 


7? and 


show 
and 
the 


diagram of the 


ployed at 
chemicals were 
lank No 1 


mtroduced by 


Was 
dit 
inlet 
was added through a 
center of the tank, in 
proper pH conditions 
For chlorination, a Wallace and Tiernan 
portable main sterilizer with a maximum 
capacity of 300 Ib. of chlorine/day was used 
Phe lime slurry for pH control was fed by 
means of an Infileo lime feeder 


hese 


P’relummary Treatment Studies. The first 
week of operation of the treatment process 
was spent in an attempt to the 
optimum condition of operation in the plant 


determine 


During this period, a study was made on 
the effect of pH on the the 
treatment. A chlorine dosage of from 35 

was employed lime of 
acid fed to maintain the pHi 
treatment at the pH level 
The flow through the treat 
during this imitial study was 
approximately one half of the total process 


etheacy of 


ard 
was 
ot the 
mvestigation 


under 


ment unit 


Process Chlerine Dose of 


* Day 


pa Range Sucrose 
peretion 
Returned Treataent 

te 


Battery 


malyses are rene 


B.O.D. 


mtent Gntreated 
f 


waste water flow, or about 165,000 gal 
The effluent from the treatment unit 
discharged directly t the sewer The 
theoretical detention time provided by Tank 
No. 3 when treating approximately 50% of 
the total waste water flow was 40 
min. and about 25 min. when 75% of the 
total flow was treated. Twenty-four hour, 
hourly composited samples were collected 
of the influent and effluent for treat 
ment pH level investigated, were 
analyzed im the laboratory 


day 


was 


process 


each 
and 


Fable 2 reports the condition of oper- 
ation and the suspended 
B.O.D organic nitrogen 
achieved by the treatment of the process 
waste water at each pH level investi- 
gated 


removals of 


solids and 


robably the most significant conclu- 
the coagulation 
study under actual conditions was that 
removals of from 45 to 51 of the or- 
ganic nitrogen or protein material was 


sion of preliminary 


accomplished at the pH range from 5.7 
to 6.6. It should also be noted, that the 
per cent removal of protein material in 
the pH range investigated decreased as 
the pH independent of the 
removal of suspended solids 

From results of the coagulation study 
under plant conditions, the optimum pH 
for treatment with chlorine ap 
peared to be from 5.7 to 6.6, which con 


increased 


range 


firmed the laboratory findings 


Treatment and [ 
Following the preliminary studies 
determine the optimum pH_ for 


(/peration of 
Process 
made to 


tilisation 


sults of Operes*ion of the Treateent and Utilization 
15-45 ppm, and its Effect on the 
Resovel of B.0.D., 5.8., and Org. 


Suspended 


ntreated 
Reavved 


hourly composited saaples. 
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coagulation, the flow of treated process 
waste water, representing 50% of the total 
flow, was diverted to the battery supply 
tank. This condition was maintained for 
four days to observe the effects of the 
process on the operation of the factory 
Results were so favorable that the amount 
of treated process waste water returned to 
the diffusion battery was increased to a 
minimum of 75% of the total flow, and 
continued at that level throughout the re- 
mainder of the campaign. The hydraulic . 
characteristics of the treatment unit limited 
the maximum quantity of waste 
water to be treated and returned to the 
battery supply tank, from 75 to 85% of the 
total flow 

\ chlorine dosage of from 35 to 45 p.p.m 
was applied to the waste throughout the 
experiment. With this dosage, it was pos 
sible to maintain residuals of 1 to 2 p.p.m 
free chlorine at the end of a 10-min. con 
tact period 

Considerable quantities of pulp and sludge 
were removed by sedimentation and were 
disposed of by lagooning along with the 
lime cake. It should be noted that the 
characteristics of the sludge and pulp par 
ticles indicated a possible economic return, 
if fine screening of the sludge was employed 
Ihe screenings could be added to the ro- 
tary presses and driers for subsequent 
recovery as dried pulp. In the event the 
particles were so fine that they would be 
consumed in the drier, without significantly 
mereasing the yield of pulp, the method of 
handling would at least eliminate the dis 
posal of the sludge 


process 


Results of Operation. Operation and 
efficacy of the treatment as a defecation 
process are presented in tabular form in 
Table 3. The magnitude and removal of 
B.O.D., suspended solids, and 
nitrogen by the treatment unit in 
return water circuit are reported 


organic 
the 
tor 
each day of operation and condition of 
treatment 

The effect of the treatment and utili 
zation on the elimination of 
B.O.D. from the plant waste and the 
recovery of sugar are shown in Table 4 
The elimination of 2 to 4 Ib. of B.O.D. 
tron per ton ot beets sliced, 
from the standpoint ot 
pollution abatement. Likewise, 
the recovery of 2 or more Ib. of 


process 


the sewer 
is mnportant 
stream 
sugar 
ton of beets sliced, represents a signifi 
cant economic gam 

lable 5 presents a summary of a few 
of the important control analyses in the 
operation of the factory before and after 
the treatment and reuse of the process 
waste water 
An important observation to be made 
the data that the sugar 


content of the pulp and pulp water did 


indicates 
not show an appreciable increase fol 
lowing the reuse of the treated waste for 
water. A statistical 
was made of the daily averages of the, 


extraction analysis 
data for the 10 days preceding the oper- 
ation of the process, and a similar per 
iod during its operation, to determine if * 
there difference 
At the 
(1 chance in 20 
of being wrong) an analysis by means 


was a significant 
brought about by the treatment 


probability level of 95% 


August, 1950 


in Genguletion Svaty Guter Plant Contitiaw 
ra Per 
64. Der Cant 8.0... Der Cont oe * 
57-62 1,7 1,60 2» a 
64-72 1,80 1,10 2s 
3 
| 
——— — - 
P.8.8. Resoved 
‘ 2,00 2,380 27 1 $ 
‘ 1,99 pbs 1,79 4? ‘ 
— 
Bote: Al) on 24 Dour, 
| 
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of the “t” test (75) indicated that there 
was no significant difference in the re- 
sults obtained during these two periods 
in regard to the sugar content of the 
pulp and pulp water. 

Similar statistical analyses were ap- 
plied to the data on the purity of the 
diffusion juice, first carbonation juice, 
and thin juice. Although the mean of 
the purity data on the diffusion juice, 
during the ten days’ operation of the 
process, was 0.6% higher than that of 
the previous ten days, the difference 
caused by the treatment process was not 
significant at the probability level of 
95%. However, there was a significant 
difference in the results of the purity 
of the diffusion juice achieved by the 
treatment, at the probability level of 
90% Cone chance in 10 of being wrong) 
While these results are not conclusive, 
they indicate that the treatment process 
increased the elimination of nonsugars 
in the diffusion battery. 

The mean of the data for the purity of 
first carbonation juice and thin juice was 
also higher for the 10 days’ operation 
of the treatment than that of the prev- 
ious 10 days. However, there was no 
significant difference in the data at the 
probability level of 95%. 


Fremont Plant Studies 


Description of Fremont Factory. As 
a result of the successful experiment at 
the Buckeye Sugar Co., arrangements 
were made at the request of the Great 
Lakes Sugar Co. to continue the plant 
scale experiments at its Fremont (Ohio) 
plant. This was possible as the Fremont 
plant had approximately one month’s 
processing remaining after the campaign 
ended at the factory of the Buckeye 
Sugar Co. 


The Fremont plant is a comparatively 
modern beet sugar factory, and has a rated 
capacity of 1100 tons of beets/24 hr. Facili- 
ties of the plant are such that during the 
1948 campaign 92,000 tons of beets were 
processed with a daily average of more than 
1200 tons. The factory employs a conven 
tional 12-cell diffusion battery; each cell 
has a capacity of approximately 3.7 tons of 
beets. The cells are equipped with quick 
opening, bottom dumps, and require a mini 
mum amount of washing 

The carbonation process is continuous, 
and employs automatic pH control. In 
short, the defecation of nonsugars consists 
of treatment with lime and carbon dioxide 
under carefully controlled conditions fol- 
lowed by sedimentation. The sedimentation 
consists of a separation of the lime sludg« 
trom the clear juice in a multiple-tray-type, 
Dorr clarifier. The sludge is filtered on 
vacuum filters, washed to reduce its sugar 
content, and diluted with process waste 
water to a slurry, in order to facilitate 
pumping to the waste lagoon 

Facilities for handling the process waste 
water included a conventional fanger for 
the separation of the pulp from the water 
and a tank which was used as a pump sump 
for the high pressure battery washout pump 
and gravity return line to the battery pit 
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TABLE 
and the Recovery of 


The Elimination of 3.0.3, from the Sewer, 
Operation of the 
Treatment ané Utilisstion Process 


Day of Pounés of 3.0. Tounés of Suger 

Eliminated Peoovereéd Per 
Sewer Per ey lay 

M 1,720 1,620 

1,060 1,620 

1,680 1,620 

a? 2,000 2,260 

38 3,620 3,930 

4,460 4,m0 

0 3,070 2,480 

a 2,260 2,480 

3,430 3,980 
Note: Besed on Avg. Plant Production of 900 tons per Gay 


The process waste water overflowed from 
the tank into the flume water circuit, and 
thence to the lagoon 


Operation of Treatment and Utilization 
Process. Installation of the treatment facil- 
ities at the Fremont plant consisted of a 
pump and connecting piping from the ex- 
isting holding tank to the battery supply 
tank. A Wallace and Tiernan portable 
main sterilizer was connected to feed the 
chlorine solution in the suction side of the 
pump. Figure 6 shows a flow diagram of 
the treatment and utilization process as 
employed at the Fremont plant 

Facilities were not available for pH con- 
trol of the chlorinated waste. Likewise, 
sedimentation of the waste before return 
to the battery supply tank was eliminated ; 
however, removal of the nonsugars took 
place in the Dorr clarifier in the carbona 


tion process. This practice eliminated the 
possibility of economic recovery of pulp, 
and also placed an additional load on the 
diffusion battery as well as the carbonation 
process 

Chlorine dosages from 40 to 6 p.p.m. 
were applied to the process waste water 
throughout this experiment. The acidity of 
the applied chlorine solution lowered the pH 
of the returned water from 6.8 to as low as 
4.75. However, this pH existed in the 
waste for a short time, as the mixing of 
the waste with the make-up water in the 
battery supply tank resulted in a significant 
increase in pH. The pH of the composite 
battery supply water remained in the range 
of 68 to 7.5. A free chlorine residual vary 
ing from 0.5 to 2.0 p.p.m. was present in 
the battery supply water as it ertered the 
diffusion cells 

Approximately 65% of the total process 


TABLE 5 Summary of the Buckeye Sugar Operating Data Before and 
After Operation of Process 

Day of Sucrose Pulp Pulp Diffusion Ast Thin 

Operation — Water Juice Carb. Juice 
Sucrose Sucrose Purity Purity Purity 
Ten Days Prior to Operation of Process 

24 +22 87.3 89.6 89.5 
25 67.0 67.5 91.4 

26 87.6 89.9 8. 
27 91.1 91.3 
268 89.6 90.1 
29 9.1 90.0 
30 69.3 89.9 
31 89.6 69.2 
32 89.8 971.6 
33 68.7 89.0 
Mean 2.5 
M 68.9 89.0 
35 9.9 90.2 
36 90.2 89.6 
9.0 9.9 
38 89.4 90.1 
90.7 90.9 
40 90.2 971.3 
41 90.0 69.9 
42 89.3 90.0 
4) 69.5 90.0 
Mean M5 Ws 

Bote: All values are 24 hour averager. 
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Diffusion Bettery 
ond 
Pulp Pit 


Fig. 6. Flow Di 


am of Treatment and Utilization Process as Employed at 


remont Plant of Great Lakes Sugar Co. 


aste diffusion 
operation 
campaign (two 
to 85% of the 
returned to 
to 
normally 


was returned to the 
first week of 
remainder of the 
approximately 
process water was 
battery. However, this 
om 100% of the 
asted to the sewer. The 15 to 
% of the total flow was dilute 
lime cake to a slurry to facilitate dis 
yal by pumping to the lagoon 


water 
ocess during the 
the 
eeks), 


ta 


ofr 


waste 
amounted 
flow 
remaining 
used to 


Results of Operation. Results of the 
peration of the modified treatment and 
tilization process were satistactory, m 
How 
some operational difficulties were 


encountered that were attributed to the 


iew of the type of installation 


vert 


lack of coagulation and sedimentation. 
in this type of an installation, the actual 
sedimentation or removal of nonsugars 
which are normally removed by sedimen 
the carbonation 
process, and settle out in the Dorr thick 
ener, The possibility of clogging the 
diffusion cells, and thus reducing circu- 


tation, are removed in 


lation and encouraging channeling, is 
ever present when sedimentation of the 
treated process waste water is not prac- 
ticed Also, this type of operation 
transters the organic nonsugars from 
the process water to the lime 
slurry and does not give maximum al- 


waste 


leviation of the disposal problem 


TABLE 6 Per Cent Elimination of Non-Sugars by Beet Ind For 21 
Days Before and after Operation of the Process 


Before Treatment 


After Trestsent 


Day of Per Cent Elinination 
Operation of By 
et 


Be 
(Battery @ Carbonation) 


Per Cent Elizination 
of Non-Sugers By 
t ind 


Day of 
Operation 


Bee 
(Battery & Carbonation 


Bote: All 4 
Lekes Suger Company. 


tea are dolly averages os reported by the Great 


Missing values not available. 
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Table 6 shows the effect of the treat- 
ment and utilization process on the per 
cent elimmation of nonsugars by the 
beet end (battery plus carbonation) and 
The mean of the data 
on the per cent elimination of nonsugars 
for the 21 days during the operation of 
the process, is more than greater 
than the mean of the data for the pre- 
ceding 21 days. A statistical analysis of 
the data that the treatment 
process produced a significant improve- 
ment in the per cent removal of non- 


the battery alone 


indicates 


sugars by the beet end, at a probability 
(less than 1 
The 
increased elimination of nonsugars by 
the beet end during the operation of the 
treatment and utilization was 
achieved while processing beets with an 
average apparent purity of only 0.3% 
less than the average for the preceding 
three weeks. 

Tables 7 and 8 present a summary of 
the plant operating data for the 21 days 
immediately preceding and during the 
operation of the process. A significant 
the mean sugar 
content of the pulp and pulp water of 
0.05 and 0.06% respectively, during the 
period chlorination was practiced. How- 


level of greater than 9% 


chance in 100 of being wrong) 


process 


increase occurred in 


ever, other factors may have been re- 
sponsible for a portion of the increase 
in the sugar content of the pulp and pulp 
Some variables which may have 
affected the sugar content of the pulp 


and pulp water are 


water 


1. Drying of the beets during storage, 
thus requiring a longer period of dif- 
fusion for normal extraction 
Poor cossettes resulting from work- 
ing dried and partially frozen beets 
(peration of the factory's above-rated 
capacity under such conditions 
An imerease in channeling effect due 
to the recirculation of process waste 
water having a considerable suspended 
solids content 

One facts 

Tables 

7 and 8 is the increase in purity of the 

evaporator thin juice during the period 

of operation ot the treatment and utiliza- 
thon 


of the most important 


shown by the data presented in 


process. The mean of the purity 
data of the thin juice during the treat- 
ment period is 0.5% greater than the 
of the data for the equivalent 
period before operation of the process. 
\ statistical analysis of the data in 
lables 8 and 9 indicates that the opera- 
of the treatment utilization 
process was responsible for a’ significant 


mean 


tion and 
increase in the purity of the evaporator 
juice at a probability level of 
than 99° 


thin 
greater 

While an increase in the mean purity 
of from 91.4 to 91.9 does not seem ot 


too great sigmhcance an 


Available 
reverses this concept. 


inspection ot 
Table’ 
According to data 


Granulated readily 


on per cent available granulated on dry 


August, 1950 


Diffusion 
Juice to 
= Core onat ion 
Woter 
Pit 
<4 
XQ) 
© 
Pump cl, Heoder 
Overflow Flume 
Cireuit 
t 
5 
ere 
i3 
61.4 “6 62.8 
” s8 65.7 
60.1 s9 64.4 
62.0 61 62.7 
4i 61.9 62 64.8 
4. 61.4 6) oo 
4? oo 64 69.1 
44 70.0 65 41.8 
4s 61.2 72.0 
46 “9.4 67 66.1 
a? 6..4 o8 61.0 
63.6 69 68.6 
4 64.1 3.2 
| so 65.4 71 70.2 
$} 64.0 72 60.7 
42 7.8 7 69.2 
66.1 80.0 ‘ 


substance of sugar solutions, assuming 
a molasses purity of 60, an increase m 
purity as cited, increases the per cent 
available granulated sugar from 78.5 to 
(13). An increase in available 
granulated of 1.25% on dry solids is of 
considerable economic importance. 


4979 


Comment 


One of the interesting by-products ot 
the field investigation was the apparent 
beneficial effects of the process on the 
recovery of the sugar in the factory. 
Runs were of sufficient length and the 
data of sufficient quantity to apply sta- 
tistical methods of analysis which show 
that actually the purity 
of the diffusion carbonated 
juices can be expected with proper oper- 
ation of the treatment process. It should 
be noted that an increase in the purity 
of the thin juice during operation of the 
process may be in terms 
return on the re- 
as the tonnage of sugar 
retained in the plant each day by the 
treatment and reuse of the process waste 
water. 

Ihe actual sugar saving resulting 
from the operation of the treatment and 
utilization process is not clearly defined 
on the basis of factory operating reports 
The procedure employed for calculating 
sugar losses in beet sugar factories is 
not applicable during the operation of 
the utilization process, and in some cases 
the method used leaves much to be de- 
sired. 

Consider, for purposes of illustration, 
a typical value for the sugar content of 
the waste water as 0.15% or 
1500 p.p.m. sucrose, and the volume of 
waste equal to 100% of the weight of 
the beets processed (more correctly, ap- 
proximately 135%), which is an indus- 
try-wide for This 
means, tor every ton of beets processed, 
there is a loss equal to 0.0015 * 2000, 
or 3 lb. of sugar from this source alone. 
In itself that appears almost an insig- 
mihcant quantity ; when pro- 
jected over a day's operation for one of 
the smallest plants in the industry 
(1000 tons of beets/day), the 
amounts to a ton and a half of sugar 

From a sanitary engineer's point of 
view, the elimination and reuse of a 
waste contaming approximately 
tons of sugar a day for a 1000-ton plant 
must involve a recovery of that amount 
within the plant 
It is apparent under such conditions that 
the sugar can leave the plant in one of 

(1) As granu- 
(2) As sugar in 
As sugar in the mo- 


an mcrease m 


juice and 


as significant 
of increased economic 
covery of sugar, 


process 


basis comparison. 


howev er, 


loss 


of sugar somewhere 


three ways, which are 
lated sugar in the bag 
the pulp, and (3) 
lasses 

As long as the purity of the syrup is 
maintained or increased, the normal ex- 


traction ratio of sugar in the bag to 
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TABLE 


Preceding the Operation of the 


32222 


SSF 


Note: 
Greet Lekes Sugar © 


sugar in the molasses will be similarly 
maintained or increased. Thus, the su- 
gar saved will appear as granulated 
sugar, sugar in the pulp and sugar in 
the molasses. In view of approximate 
current values,of $140 a ton for granu- 
lated sugar and $65 and $45 a ton for 
pulp and molasses respectively, the re- 
covered sugar appearing in each product 
has significant economic value. 

Plant scale operation of the process 
indicates that the cost of chemicals for 
operation should not exceed $15 a day 
for a 1000-ton plant. Preliminary stud- 
ies of the economics of the process re- 


TABLE © Summary of the Fremont 
Of Operation of 


All values ere 24 hour everages as reported by the 
jompany 


veal that the capital investment for the 
treatment installation could be amortized 
over a one-year period of operation with 
the savings above cost of operation. In 
addition, the treatment and utilization 
process completely eliminates the process 
waste water as a waste, and contributes 
materially to the improvement of the 
general processing conditions in the 
plant. 


Conclusions 


The treatment of process waste water 
with chlorine dosages of from 25 to 60 


Sate the tage 


. 


Bote: 


Greet Suger 
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All values A 24 hour everages as reported by the 
Leke Company. 


Day of Pulp Pulp Diffusion Evaporator ; 
Operation Water Juice Thin Juice 
Sugar Suger Purity Purity 
3$ 
37 
+23 
3x9 28 
40 15 
41 +21 
42 25 91.3 
44 "1.35 
45 29 91.4 
46 222 90.9 
47 220 71.0 
48 24 
4? 91.5 
so +20 91.2 
13 +23 91.3 
$2 +13 «24 91.6 
$3 13 +24 87.1 91.3 
16 87.6 91.6 
$5 15 24 87.4 91.8 
Mean -lal 0224 87.0 91.37 
4 
Day of Battery Pulp Pulp Diffusion Eveporetor : is 
Operetion Supply Water Juice Thin Juice 
Suger Sugar Sugar Purity Purity 
sé 205 91.0 
$e 17 n.7 
59 07 24 32 92.2 
60 29 92.3 
61 219 +27 91.6 
63 -05 16 +23 n.7 
64 -05 13 91.6 
6s +06 92.2 
66 +05 19 ne 
67 27 92.2 
69 21 92.2 
70 -08 +21 92.0 
72 22 29 91.8 
74 -15 92.1 
75 +26 7.3 
76 As 9.6 
Mean 199 91.87 
Page 387 
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ppm. in the pH range of 5.5 to 7.0, fol 
lowed by sedimentation permits the most 
satistactory reuse of the process waste 
water as battery supply water 

following benefits can be attri 
buted to the operation otf the treatment 
and utilization process based on the ob 


The 


servations of two full-scale applications 
of the process im the industry 


1. Complete elimination of 
waste water as 4 waste 
ducing the BOD) load 
straight howse operation by 
per cent 
Recovery 


the process 
thereby re 
trom the 
4) to 85 


of approximately two tons 
et sugar a day tor a 1000-ton plant 
(4 Ib. /ton of beets) 

Increase in the purity of the juices 
mereasing the per 
cent availiable granulated and conse 
quently, the net extraction of sugar 
tor the plant 

Reduction in the loss of sugar due to 
bactertal inversion and fermentation 
m the diffusion battery 

Reduction of 33 per cent or greater in 
the water requirements for 
of the diffusion battery 
Conservation of the sensitive heat of 


and syrups, thus 


operation 


waste 
Possibility of 
pulp by 
mg of the 


water 
additional 


process 
recovery of 
secimentation and fine screen 
sludge 
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Discussion 


A. R. Nees (Great Western Sugar 
Col.): Did I understand 
that the pulp water is screened before it 


Co Denver, 


is chlorinated ? 
E. A. Pearson: Yes 
conventional fanger, a screen 


A. R. Nees: Not 


screen 


Through the 


through fine 


E. A. Pearson: No. 

A. R. Nees: Then that is where you 
get the flocculation you talk about ? 

E. A. Pearson: Yes. The suspended 
matter is part of the flocculation 
ever 


How- 
we have evidence that the action 
of chlorine also causes some flocculation 

A. R. Nees: I see. I have tried 
chlorination on wastes that 
went through a 30-40 mesh screen and 


screened 


I haven't been able to get a good floccu- 
lation. 

E. A, Pearson: It is not the type of 
flocculation that 
encounter by conventional chemical pre 


you might normally 


cipitation. It does not remove the color 
such as you 
The 


treated water still has the opaqueness of 


with the suspended matter 
might do with lime coagulation 


the original waste 
A. R. Nees: 
separate this 
back to the battery supply water / 
E. A. Pearson: The proper way to 
through sedimentation 


ask how you 


May | 


material before it goes 


separate if ts 
units, so that the suspended and floccu 


lated material will settle out 
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WASTES 
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South Charleston, West Virginia 


{hee story of the stream pollution 
abatement South 
Va.) plant ot Carbide 
Chemicals Div 


activities at the 
Charleston (W 


id Carbon one ot 


achion mm which concrete reduction i 


made well before 


tream pollution was 


the detailed study of the techni 


pects of the problem had been comy 

This paper gives briefly the most in pe 
the undertaku 
which the subject w 
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report of progress at one plant and may 
otter 
other 


suggestions of similar action to 


industrialists and cities tacing 


questions of waste disposal 

rs Involved im Stream 
m. The South Charleston plant of 
is located in the Kanawha River 


water ot the 


Critical Fact 


aml wu the 
ha River Il usual industrial 
This highly 


ot the 


localized 
extends 


center chemical mdustry 


tor distance of about 30 miles along 


the Kanawha River and centers on 
Charleston, W. Va 
The Kanawha River and its tributar 
on arrival at South Charleston, have 
“lan area of approximate ly 10,420 
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and large variations in flow volumes in 
the river due to quick run-off after 
heavy rains with a correspondingly 
rapid return to normal flow. The river 
is channeled for practically its entire 
length, and pool stages are maintained 
by a series of roller dams. This type 
of flow control maintains normal river 
levels, but, during periods of low river 
flow, it may allow wastes to accumulate 
in the pools above the dams. It is not 
conducive to rapid reaeration nor to 
uniform waste loadings which are vital 
and on the 
ability of a Stream to handle organic 


factors m stream recovery 
wastes. 

The low normal flow of the river is 
approximately 1500 cu.ft./sec. (slightly 
more than one billion gallons per day) 
with a maximum temperature of 30° ( 
(86° F.) Under 
which usually are approached during 
one or two periods each year 
is pumping, for all industrial uses, ap 
proximately 14% times the total flow of 
the river. A high 
industrial usage is for cooling purposes 


these conditions, 


industry 


percentage ot the 


only and the water returned to the river 


uncontaminated. However, if the tem 
perature of the cooling water is raised 
igh enough, the dissolved oxygen ma 
be driven off and the water might pos 
deoxygenated by 


industrial cooling 


sibly be conipletely 


circulation through 
systems 

Div. 
different 
South 
A few groups ot products 


Chemicals 


chemicals at 


Carbide and Carbon 
produces approximately 
synthetic organic 
Charleston 


are manufactured are 


Alcohols 

Aldehydes 
Glycols 
Ethers 


Ketones 
Acetates 
Amines 
Vinyl Resins 


These are compounds of carbon, hydro 
gen, oxygen, and in the case of amines 
Most of the vinyl resins con 
Substantially all these 
under 


nitrogen 
tain chlorides 


compounds, either anaerobic 


aerobic decomposition, will break down 
into simpler compounds 

little 
comstitutes river 
that 
the most serious result 


There is need to go into detail 
as to what 
Suthice it to say 


Kanawha River 


of domestx 


pollution 
in the case of the 
and industrial pollution is 
the low oxygen balance during periods 
In other words—the 


ot low flow water 


does not contain enough dissolved oxy 
gen to decompose aerobically the or 
that has 
difference 
and the 


material been added to 

rhe 
requirement 
called the 
all of the oxygen has been de 


rani 
the river between the 
oxveen available 
oxygen is balance 


When 
pk te 


oxygen 


anaerobic decomposition begins, 
and this may lead to a septic condition 
in the river with the formation of prod 
ucts methane, and 


such as ammonia 
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hydrogen sulfide. Taste and odor con- 
trol is the number two problem in the 
case of the Kanawha River. 

Figure 1 shows the per cent satura- 
tion of dissolved oxygen vs. temperature 
of Kanawha River water pumped into 
the South Charleston plant. It shows 
that under high summer temperatures 
the amount of dissolved oxygen in the 
inlet water has been greatly reduced by 
pollution sources in the upper drainage 
basin. It shows that, at a river temper- 
ature of 17° C. (62.6° F.) 
approximately 50% saturated 
(69.8° F.) saturation is about 30%, and 
at 28° C. (82.4° F.) about 5 per cent 

Figure 2 shows the oxygen balance 
in the Kanawha River during a low flow 
period in the summer of 1948 at which 
time the pH of the river varied from 
7.0 to 7.5. The South Charleston plant is 
situated Patrick Street and 
Dunbar, and a marked increase is shown 


the water is 
at 21°C 


between 


in the deficit of dissolved. oxygen be 
tween Actually, the 
120.000 Th 
per day is caused not only by the indus 


these two points 


decrease of approximately 
trial pollution from several plants in the 
area, but also by the domestic pollution 
from the town of South Charleston 
Figure 3 shows the accumulated bio 
chemical both 
and a 
The 


latter includes all oxygen present in the 


oxygen demands from 
industrial 


cumulative dissolved oxygen curve 


domestic and sources 


stream prior to domestic and industrial 
pollution, the 
tributaries 


dissolved oxygen from 
and the calculated value of 
the dissolved oxygen from reaeration. It 
is difficult to calculate this latter 


accurately 


hgure 
many variables 
a value of 9000 
Ib. of dissolved oxygen per day per milk 


because so 
are involved. However 
of stream was determined for conditions 
under which the 1948 tests 
This fieure is higher 
lished reaeration rates 
DO 


were run 
than most pub 
but with the low 


saturation it may be somewhere 


within the correct range. The curves 
show that in the 40 miles of river below 
the first point of heavy contamination, 
an organic load equivalent to approxt- 
mately 450,000 Ib. of oxygen per day 
has been added to the river. They also 
show that the B.O.D. and D.O. curves 
approached each other at the 40-mile 
point, indicating partial stream recovery 
at that point 

This, essentially, is the basic problem 
with respect to conditions and 
some of the natural and man-made 
forces which were both for and against 
an easy solution to the problem, 


river 


Manner of Approach. The first step 
in setting up a stream abatement pro 
attempt to evaluate the 
plant's contribution to the picture as a 
whole and to analyze the plant picture 
to determine what and where the most 


gTam was an 


prevalent and troublesome contaminants 
To do this, it 
identify all waste streams in the plan 
and to analyze these streams for thei 
pollution value. The identification wa 
done, although it 
rather complicated picture, since a larg 
part of the South Charleston plant i 
on an island in the river and the effluent 
is discharged through 35 major outfalls, 


were was necessary t 


easily developed 


Evaluation of the industrial waste in 
effluents as river pollutants was 
difficult 

years, the 


these 
much more 

For 
methods for 


treatment 
had been 
methods of 

to evaluate 
tests 


many 
domestic wastes 
and 
had been 
But when 
were applied to industrial wastes, erratid 
The B.OL.D, 
Demand) deter- 
mination, which turned out to be one of 


developing many 


analysis devised 


them some of these 


results were obtained 


( Biochemical Oxygen 


the most important, gave wide variations 


in results. In order to understand the 


standard test as applied to the wastes, 


a series of 50-day B.O.D. tests were 


Fig. 1. Dissolved Oxygen Content 
Kanawha River Inlet South Charleston Plant 
Temperature vs. Per Cent Saturation 
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»on a number of pure organic com pylene glycol, and relatively no oxidation 
nds, The tests were run on synthetic of isopropyl ether at the end of 50 days 
uples containing 2.5 p.p.m. of the or Figure 6 shows a rapid oxidation to 
nic under test. This low concentration about 60° of theoretical in mono- 
s within the range which could possi ethanolamine, Diethanolamine is not 
be present in the river and yet high oxidized. Butyl amine reached about 
ugh to assure duplication of results 50% at the end of 10 days and no 
veral other dilutions were tried but further oxidation was obtamed. Ethyl- 
continued after it was established enediamine is unreactive. 
t the 2.5 p.p.m. concentration was low \bout the same picture is presented 
migh to preclude any toxic effect on in Figure 7 with triethanolamine, methy! 
biological action. All samples were isobutyl ketone, isopropyl acetate and 
sled with settled sewage. Figures 4-7, Carbitol” acetate. 
ich show time vs. per cent theoretical Results shown here certainly indicate 
B.O.D., point up the inconsistency of that the standard B.O.D. test, which 
results obtained by application of the should give approximately 70% of the 
standard test 20-day B.O.D. of domestic waste in a 
In Figure 4 i noted that 5-day period, is not applicable to the 
methanol and ethane! have oxidized to evaluation of many industrial organic 
approximately a S0°%% poimt m_ the wastes. Six out of the 17 orgamiec com 
tarcdard S<day period, while butanol-2 pounds tested gave results which were 
und the two giveols have hown littl iccept ible No attempt was made to 
it any, oxidation At the end of 15 day determine A values as it was evident 
however the butanol-2 9 curve ‘a that they would be of little value 
reached approximately the me point a One of the most critical factors im 
the other alcohol 1} probably al volved in the B.O.D. test is the dilutior 
true of ethylene elve thre . water used in the test 
were depleted yen r is ; Results obtained by three different 
incubator lene gly ‘ types of dilution waters on samples ot 
to approximate! ve | ethanol and butvraldehvde are shown u 
end of 40-day that Table 1. Here again nothing definite 
Figure 5 ety went the ‘ uppears, but mineralized dilution water 
with acetone and butyraldehvd 4 may be the most suitable for the two 


ing rather rapidly a delaved acty chemicals which were tested Use of 


a rapid oxidation im the ¢ { bicarbonate water with butyraldehyde 
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Fig. 2. Oxygen Balance—Low Flow Fig. 3. Cumulative Biochemical Oxygen Demand and 
Total Available Dissolved Oxygen Relationship 
Kanawha River—Summer 1948 Kanawha River—Summer 1948 
West Virginia Water Commission West Virginia Water Commission 


gave the results one might expect 

These data established the fact that 
much more work will need to be done 
on the development of a satisfactory 
biological oxidation test for many of 
the industrial wastes. Tables 2 and 3 
give the results obtained from a series 
of tests to compare the acid permangan- 
ate and the acid dichromate oxidation 
tests with the standard 5-day B.O.D. test 
in an effort to obtain some yardstick to 
evaluate the organic wastes. Here again 
17 different organics were tested, but no 
trend acceptable for all organic com- 
pounds was indicated. The results which 
would be obtained from the oxidation of 
1 combination of the organics tested, no 
doubt, would be different but cannot be 
anticipated 


Methods Studied and Used in Plant 
Application. The next step, which, of 
course, ran concurrent with the labora 
tory work, was the actual reduction of 
the pollution of the Kanawha River by 
the plant wastes. After thoroughly con- 
silering the various methods which 
would eliminate or reduce the amount of 
vastes to the river, the following three 
general classifications of these methods 
were evolved: 


Those resulting in the elimination or 
reduction of wastes by changes of 
process, of equipment, or in operating 
conditions 
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Those to effect recovery of the wastes 
if they could not be eliminated or re 
duced sufhciently 

Those of waste treatment if methods 
1 and 2 are insufficient 


Methods in class 1 normally have the 
most favorable economic aspects, but 
are the most complex and require the 
cooperation of all technical groups in 
the plant organization. The time ele 
ment required to reconsider all plant 
processes, together with engineering de 
sign of equipment, is long, and progress 
in stream pollution abatement is conse 
quently slow, but results are most favor- 
able. An excellent example of its appli- 
cation was in a refining process of a 
highly aromatic residue which contained 
a large amount of cyclic dienes. Direct 
steam was used to supply heat for this 
distillation. The water layer which was 
continuously removed from the still ket 
tle contained an emulsion of water and 
organic material which resisted all at 
tempts at breaking and which had a high 
B.O.D., taste, and odor. A closed heat 
ing cycle was installed on the still kettle 
to eliminate the water phase and prevent 
formation of the emulsion. 


Methods in class 2, or those of recov- 
ery with subsequent disposal, probably 
obtain quicker results than any of the 
others, and have been used most often 
to achieve rapid progress in pollution 
abatement. Separation of nonsoluble 
wastes, such as oils or floating or set- 
tleable solids, is the best example of this 
method. However, many of its applica- 
tions are not so simple as this and may 
include any one or all of the following 
factors. 


Separation of large volumes of un- 
contaminated condenser waters from 
the waste streams to reduce the vol 
umes handled in a recovery method 
and to maintain the waste concentra 
tion. Approximately 200,000,000 gal. 
of water are pumped per day, dis- 
charging a mixed effluent of approxi- 
mately 193,000,000 gal. of uncontam 
inated cooling water and 7,000,000 gal 
of waste waters. If a common waste 
recovery unit were installed, the 
separation of these streams would be 
necessary. 

Installation of separators for all non 
soluble materials. One of the first 
moves was a complete survey of all 
plant processes to determine what in- 
soluble materials could be easily 


separated and collected for disposal by 
burning or other means. In many 
cases it required only the installation 
of a settling tank in which either a 
top or bottom layer could be drawn 
off. To facilitate separation, many 
usual aids such as temperature control 
and pH adjustment, were used. Emul- 
sions may be often handled in this 
manner. In one of the chemical proc- 
esses, a heavy residue is formed and 
discharged with a water stream at 
relatively high temperatures. A tank 
was installed to receive this waste 
stream and separate the organic resi- 
due prior to dumping it to the river. 
However, it was necessary to cool the 
stream to atmospheric temperature be- 
fore sufficient organics would separate 
to give a good effluent. The organic 
material is burned in the steam plants 
after decantation 

Installation of closed cycles on proc- 
essing equipment helps concentrate 
waste materials. As mentioned before, 
in many distillation processes, heat 
for distillation is added in the form of 
direct steam. This means the produc- 
tion of an equivalent volume of water 
that must be condensed somewhere i 

the process. It will be contaminate 

with the organic under distillatior 

and, if the volume of water is large 
concentration of the organic material 
will be low and recovery difficult 
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Table 1 Table 2 
BIO-CHEMICAL OXYGEN DEMAND 
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OXIDATIONS OF ORGANIC COMPOUNDS 
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With this in mind, all processes that \ good example of the application water and forms an emulsion with 
make use of direct steam heating of this bottling-up process was in one water. It imparts to the cooling 
were studied In several cases of Carbide’s units in which hot gases water a high B.O.D. and taste and 
closed heating systetns were added to are quenched with water. In this odor; it was one of the sources ot 
reduce the amount of the waste stream process, a small amount of heavy water pollution first recognized back 
and to build up the concentration of complex organic material ts formed in 1935 

wastes in the water phase to a point and condenses under normal condi When a study was made of this 
where it might be ecomomeal to re tions of temperature and pressure condition shortly thereaiter, it was 
cover the organic contamimant This material is slightly soluble m found that it would be necessary to 
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Fig. 6. Rate of Biochemical Oxidation of Organic Fig. 7. Rate of Biochemical Oxidation of Organic 
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install a closed water-cooling cycle Table 3 
This installation greatly reduced the COMPARISON-BIO-CHEMICAL AND CHEMICAL 
pollution load from this source, but it OXIDATIONS OF ORGANIC COMPOUNDS 


was necessary to bleed off about 5% 
per day of the total volume of cycled 


water to prevent too great concentra- PER CENT OF THEORETICAL OXYGEN DEMAND 
tion of solids. The water removed SaT'SFEO 


from the system is now batch-treated AOD PERMANGANATE ACO 80> 
with about 5 Ib. of ferrous sulfate /M ee 

gal. and the clear liquid dumped into BUTYL AMINE os 265 
the river. The sludge is settled, de 1° oo 
watered and burned. The effluent 
from the cooling cycle prior to treat- MONOE THANOL AMINE 54 “49 CT) 
ment with ferrous sulfate had 600 
p.pm. B.O.D. and a threshold odor of 
about 6400. The ferrous sulfate floc- AMINE sre or 
culation reduced the B.O.D. values to 
60 p.p.m. and effected a 75% reduction 
in taste and odor threshold. The set ISOPROPYL ACETATE es 9: 

tled sludge contained 60% by weight 

of oil residues CARBITOL. ACETATE 69 466 

Use of waste material from one unit 

in another merits consideration in both 

production and waste disposal. This 

has many possibilities, probably the 1. Flocculation and sedimentation 6. Chemical oxidation by use of chlorine, 
best example being the neutralization 2. Chemical precipitation chlorine dioxide and ozone 

of acid and alkaline wastes 


OE THANOL AMINE a6 406 os 


METHYL ISOBUTYL KETONE 2' ve a6 


: 3. Biological oxidation (both aerobic om 

of its and anaerobic) The work to date indicates that chem- 

Adsorption and absorption ical oxidation is a costly process, with 
another process waste sodium bisulfite 5. Underground disposal poor results except in the treatment of 
Both these materials have a high 
B.O.D. value. It was found that the 
admixture of the two prior to enter- 
ing the river precipitates barium sul 
fite and total B.O.D. of Values shown ot eoch somoling point = 0.0. bs /day- 8.0.0. 
the combined streams. Of course, the 
acetate radical is still present with its 1 
oxygen demand. In this case, both 50 
wastes are pumped into the fly-ash 
disposal line. This carries them to 
the fly-ash lagoons where the sulfite is 
allowed to settle. The effluent minus 
the settled-out products goes to the 
river along with the water used to 
transport the fly-ash 
What is to be done with the materials 
recovered? They are found in two 
forms—liquids and solids, and are 
normally complex mixtures of many 
organic substances. Work is contin 
ually going forward on the problem 
of separation and identification of the 
various components. Some of them 
may be returned for reprocessing 
while others may be marketable, if 
markets for their use can be devel 
oped At the present time approxi 
mately 150,000 gal. per month of 
liquid residues are being burned. Th 
solid wastes are cither burned in an 
incinerator or hauled to a dump 


The third classification of methods 
are those in which the organic wastes 
cannot be recovered or disposed of by 
other means, and must be treated to ren 
der them innocuous. The results ac 
complished by these methods are more 


expensive, since little, if any, monetary 


BIO-CHEMICAL OXYGEN DEMAND LIABIL'TIES 


return can be expected 
There are a number of general 
methods of treating organic wastes but 1 i i 
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because of the extremely low concentra- 
tions, the choice of methods is limited 


It is economically sound to make the . 1 rm 


iL ' i 
maximum recovery or treatment before Chelyon Rond KonCity PotSt Ounbor St Albons 
the waste is mixed with large quantities SAMPLING POINTS 
ot water The following methods of Fig. 8. Oxygen Assets and Liabilities Balance 

Kanawha River 
West Virginia Water Commission 


Winfield 


treatment are available and are being 
studied for application to the problem 
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a few specific organic chemicals. Use of 
tnochemical oxidation will also be 
cult because relatively large areas of 
ground are required for biohilters, aera- 
tion basins, and lagoons. However, we 
are still working on these approaches to 
the problem. 


Results 


Figure 8 illustrates the oxygen bal- 
ance curves on the Kanawha River for 
the years 1943, 1946, and 1948. This 
information was developed by the Water 
Commission of the State of West Vir 
ginia and unprovement 
made during the various periods. As im 
several of the previous graphs the two 


indicates the 


points of heavy industrial loading are 
easily identified, one just below Cheylan 
and the Carbide plant just below the 
Patrick Street bridge. The most signifi 
cant progress shown by this graph is 
the fact that in 1943 the oxygen balance 
ontinued to drop to Winfield, a point 
5 miles below the Carbide plant site 
hile in both 1946 and 1948 the river 
gan its recovery at a point about 2 
tiles below the Carbide plant. The rate 
f improvement was also more rapid in 
948 than 1946 


With these encouraging results al 


eady achieved, future deve lopments will 
clude continuation of this work as a 
art of an over-all program with the 
tate and other industries. The aim of 
his and of similar pollution abatement 


rograms conducted by 


neighboring 
ommunities and industries will continue 
be the eventual improvement in the 
uality of Kanawha River water. Pro 
ection of public health, propagation and 
rotection of aquatic life, and the indus 
rial development of communities using 
ater from the Kanawha River will in 
is way be greatly furthered 


Discussion 


Anonymous: tlave you done any 
work with hofilters which would indi 
cate that these compounds on which it 
is difficult to run a BOLD. test, that is 
which react slowly could be successfully 
treated by such biological processes ¢ 


H. D. Lyon: No, we haven't done 
any work with the biofilters on that ba 
sis, However, there are many factors 
that must be considered in determining 
the value of bioflters in disposing of 
these organic wastes 
that a successfully 
treated on biofilters while others would 
require unreasonably low rates of apph 
cathon 


There is no doubt 
number can be 


Anonymous: It doesn't necessarily 
follow, because you have difficulty in 
oxidizing a chemical in a B.O.D. bottle 
that it will not react on a filter where 


the filter more or less absorbs the or 


ganic from solution, to permit the bugs 
to go to work on it. The organic may 
be in the slimes of your filter for days 

whereas the water goes 
immediately. And I should 
think that some of these might respond, 
even though you can't get a good B.O.D 
determination 


aml days 
through 


H. D. Lyon: This work was all done 
for test purposes, for evaluation pur- 
poses. It is probable that a more rapid 
oxidation would take place on a biofilter 
but again—the slower the reaction the 
larger the installation to handle equiva 
lent amounts of organics. We have done 
no work with the biofilters 

G. Gutzeit 
Transportation 


( General American 

Corp E. Chicago, 
Ind.): Our laboratories have made a 
series of determinations somewhat simi 
lar to your own, but on mixed wastes 
We have found that the “oxygen con- 
sumed” (chemical oxygen demand, per 
manganate titration) is actually a better 
yardstick for judging the efficiency of a 
chemical treatment process than the 
standard B.O.D. figure However, the 
results of these two analytical tests do 
not seem to bear any definite relation 
ship. The ratios C.O./B.0.D. with our 
type of waste range generally from 0.34 
to 4.8, with some maxima over 10.5. As 
only the B.O.D. value is pertinent for 
estimating the ability of a receiving 
stream to handle the pollution load, these 
analytical data have to be used for judg 
ing final treatment results, despite their 
drawbacks and uncertainty in the case 
of complex industrial wastes. On the 
other hand, for laboratory and de velop 
ment work, C.O. values represent as 
good if not a better gage for determin 
ing the efficiency of a chemical treatment 
method 


F.-W. Mohiman (Sanitary District 
The 450,000 


what was the 


of Chicago, Chicago, II.) 
Ib. of B.O.D. im the river 
river flow in cubic feet per second at 
that time? Also, with reference to the 
B.O.D. determination, were they seeded, 
and did you have about four or five 
different dilutions of each sample? 
That is, I wouldn't want to think you 
used just one 


H. D. Lyon: The flow of the river 
at the time of 450,000-lb. loading was 
about 1500 ft. /sec. We did run two dit 
ferent dilutions on the various chem- 
additional dilutions 
were started to establish trends. The 
dilutions were sufficiently low to pre- 


icals However, 


clude any serious toxic effect 


J. V. D. Hardy (Du Pont Co., Wil 
mington, Del.) : Would you care to say 
anything about Carbide’s experience 
with underground waste disposal ? 


H. D. Lyen: We don't have any ex- 
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perience. It is one of the factors under 
consideration. I hope that I didn’t mis 
lead people into thinking that we are at 
the present time actively engaged in 
that method of disposal. That was a 
listing of methods which we will con- 
sider. We have absolutely no experience 
in underground waste disposal 

L. F. Warrick (U.S. Public Health 
Service, Washington, D. C.): Did you 
use seeding in making the oxygen de- 
mand determinations with these sam- 
ples? What was the procedure ? 

H. D. Lyon: We used seeding in all 
those tests. 

W. W. Hodge (Mellon Institute, 
Pittsburgh, Pa.) : Regarding the drop in 
the second set of curves, does that in- 
clude all the effects of sewage dis 
charged to the river from Charleston 
and vicinity or is it limited just to the 
effluents from the chemical plants? In 
the oxygen balance curve after the first 
drop there was a little recovery and then 
Is that 
caused by the untreated sewage from 
Charleston ? 


there was a second steep drop 


H. D. Lyon: That is right. 

W. W. Hodge: If you have waste 
liquors which have no 5-day B.O.D. 
such as shown in several of the figures 
would there be any object in treating 
them in a biological process where the 
time of throughput would be about 6 or 
8 hours? Maybe Dr. Mohlman can tell 
us about that. What good results are 
accomplished by treating materials 
which do not have any 5-day B.O.D., in 
a biological filter ? 


F. W. Mohlman: | am just a little 
disappointed that you used only two dilu- 


tions. I think you have to use quite a 


number of dilutions to get beyond or 
out of the range of toxicity of wastes 
and to the range where you can get 
something from those determinations. So 
whether 
they indicate the effect the waste will 
have if handled on antibwlogical filters 


there is always some doubt 


I really think the proof of the pudding 
will be that river determination. Some 
of them may have and some of them 
may not have, but the river is the proof 
of the discharge, and you have to go on 
that basis. , 


H. D. Lyon: An attempt to get 
good results, or let’s say accurate results 
on river surveys is a tough problem, 
with the flows changing every hour or 
so by the operation of power dams. 
And I think part of this work, al- 
though it hasn't been 
enough, will 


carried far 
explain some of these 
peculiar results we have gotten in a 
number of river surveys. I can't be 
sure yet because the work hasn't been 
carried far enough, but I believe it will. 


(The End) 
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POWER CHARACTERISTICS OF MIXING IMPELLERS 


PART 


J. H. RUSHTON?T, E. W. COSTICH, and H. J. EVERETT 


Mixing Equipment Company, Rochester, New York 


The common forms of impellers used for agitation and mixing of liquid 
systems have been studied under conditions existing in laboratory and 


large-scale operations. Correlations of the most important variables are 
presented in the form of dimensionless groups, characteristic plots, and 


general equations. 


Properties of the impeller, tank, and fluid have been studied over wide 
ranges of power, size, and physical properties. Data are given on 
Marine-type three-blade propellers; paddles; flat, curved, and arrowhead 
blade turbines ; fan turbine; and a curved-blade turbine with shrouding. 
Propeller sizes range from 3 in. to 20 in. diameter; turbines from 3 in. 
to 48 in. Tanks were vertical, cylindrical, flat bottomed, used in five 
sizes from 8.5 to 96 in. diameter. Tanks were used without baffles and 
with four vertical wall baffles sized up to 17.7% of tank diameter. Fluid 
viscosities were varied from approximately 1 to 40,000 cp., and power 
measurements were made from 0.001 to 8 hp. Correlations in terms of 
Reynolds number extend from 1 to 1,000,000. 


MPELLERS of many types are used 

to produce agitation and mixing in 
the liquid phase. To produce mixing it 
is necessary to supply energy, and this 
is usually accomplished through the ro- 
tation of an impeller. The rate at which 
energy is supplied, or the power, is not 
only dependent upon the type impeller 
used and how rapidly it is rotated but 
also on the physical characteristics of 
the fluid, and shape of the container, and 
the relative location of all component 
parts of the system such as baffles, coils, 
and supports. Hence, to characterize the 
behavior of any impeller it is necessary 
to take into consideration the complete 
environment in which it operates. 

When an impeller is turned in a fluid 
contained in a vessel, movement of the 


* Also Illinois Institute of Technology, 
Chicago, Il 


Nore: Table 2, Summary of Experimen- 
tal Operations, and Table 7, Data on Flat 
Six-Blade Turbines, 10% Baffles, are on 
file (Document 2860) with the American 
Documentation Institute, 1719 N Street, 
N.W., Washington 6, D. C. Data can be 
obtained by remitting 50 cents for a micro- 
film and 50 cents for photoprints. 
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fluid and eddy currents are produced 
Once this flow pattern is established due 
to the impeller, fluid, and tank, the only 
change in energy input that can be im- 
pressed on the system is by virtue of a 
change of speed of turning, or rotation, 
of the impeller. For this reason it is 
customary to say that power is demanded 
by, or drawn by, the impeller; and, re- 
gardless of the capacity of the motor or 
other mechanism supplying energy, the 
demands of the impeller, due to its speed 
of rotation and to its environment, con- 
trol the power used in the mixing opera- 
tion. Such power demands or responses 
are used to characterize various impel- 
lers in relation to the environments in 
which they may operate. 

Many workers have studied the effect 
of moving solid bodies through fluids. In 
the late nineteenth century Unwin (17) 
and others rotated discs and other shapes 
in air, and later numerous experiments 
were performed to determine the resist- 
ance to motion of many shapes of solids 
through water. The so-called drag and 
the power required to overcome it have 
been determined for ship hulls and air- 
plane structures moving through fluids, 
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and also tor fluids moving through vari- 
ous channels of solid materials. In com- 
mon with the well-substantiated method 
of analysis and correlation of factors in4 
volved in fluid dynamics for the systems 
just mentioned, it is possible and conven- 
ient to treat the study of the behavior 
and characteristics of mixing unpellers 
by the same methods 

White (18) and his co-workers were 
the first to point out the possibility and 
advantage of correlating the perform 
ance of mixing impellers by the use of 
dimensional analysis and a study of mod- 
els. Hixson (6) and his colleagues made 
further and 
gave substantiation to the theory by ex- 
perimentation. Other experimental data 
been reported (9, 10, 13, 16). 
There are review articles (5, 7, 8, 10) 


theoretical analyses also 


have 


comparing published data on the power 
absorption of mixing impellers, but there 
are few if any comprehensive data cov 
ering wide ranges of conditiuns such as 
are encountered in industrial mixing op 
erations, An research pro- 
gram was initiated some years ago by 
the Mixing Equipment Co., Rochester, 
N. Y., to establish the characteristics of 
various types of impellers used commer- 
cially for agitation and mixing opera- 
tions in liquid systems. Data here 
presented are a result of this work. 


extensive 


Theoretical Considerations 


The motion of a fluid can be defined 
in terms of length, time, mass, and force, 
for which L, T, M, and F are used for 
notation. These are the four fundamen- 
tal dimensions of mechanics. English 
units to be used are: foot for length, 
second for time, slug for mass and pound 
for force. Newton's second law of mo- 
tion involves all four dimensions, and 
in terms of force it is expressed as 


4 
il 
L 
ae F = Ma 


TABLE 1 


Variables Stadied and Groups Used for 


Definition and Dimension 


Horsepower, P 


impeller speed, rev / sex 


of Quid, slug 


ecomity of Quid. th macs 


eity kinemat 


(iravitational natant 


Impeller diameter ft 


rank diameter f 
d demh, 

{ impeller of bottom, ft 
‘umber of baffles 

ath of baffles f 

of impeller 

Namber of blades on impeller 
ath of impeller ft 


ath of impeller blades, 


namber 


ower number 


teynolds number 


either Ne 


hence 


phen @ is acceleration 


ML 


hu ma amd force ited by 


ngth and time, and it is possi ore 
uce to three the number of fundamental 
to ce fluc 
motion. TT) dimensions of mass, 


iM or the di 


length 


sential 


at vs, the 


‘ scribe ‘ 


length time 
ot 
(F-L-T) 

The 


weight 


tores ancl time 


may used 


properties of a fluid uch as 
density 


arul the 


urtace ten 
like Iso be defined by 
M-L-T of 

Phe ges fluid is 


by the r moving boundaries 


metr torm ot fixed 
and 
is defined im te ms of 

Table 1 shows a 


encountered u 


length 


number of variables 


mixing, together with no 


tation symbols and tundamental dimen 


stom 


Mechanics of Similitude 


NOTATION 


Correlations 


Dimensionless Exponential 
¢ Ratio Function for 
Which the 
Weed ° 


Group 
Rat 


scribed m the same dimensional units, it 


should be possible to relate them so that 


similar fluid flow in two differ 
different 


related to each 


motion 


ent boundarie or with two 


flusds, could be other 
simul 


fluid motion 


Such a technique is used to show 
tude of the 
(12) 

The 


consider ible use 


mechanics of 


principles of similituce 


m delineating dynam 


oceurrances. It is of imterest here to 


consider only certan principles is ap 


xing tank 
motion ts 


pled to fluid motion in a n 


No doubt perfect similarity of 
rarely aclheved between two systems, but 
a lerse ipproac h to simil otten 


ufhicrent tor practical problems, and the 


clerive trom dimensional 


similarity can be used to 


ot plant or other operations 


three types of sinmlarity 


ariiy form 


ape only. Creometry is simi when 


sponding cdumensions have * same 
ili other correspond boun 


cimenstons 


nematic simiuiarity means sin 
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ot motion. Motion occurrences are simi- 
lar if the patterns or paths of motion 
alike, and if the 


velocities at corresponding points have 


(the fluid regime) are 


the same ratio as vek cities at other cor 
responding points 
ity ts 


(seometrical similar 
nherent in kinematic similarity 

Dynamic similarity 
and 
cally 


reters to masses 
Two motions are dynami 
they are kinematically 


tf the ratios of masses at corre 


torces 
similar if 
similar 
and if the 
ratios of forces at corresponding points 


sponding points are equal 
are equal to those at other corresponding 
pomnts 


Dimensional 
\ ari able 
mixing 
First 
tully 


Inalysis for 
affect fluid 
three types 


Miring 

which motion im 

are ot 
the 


define the 


linear dimensior . which 
boundary 
conditions and shape for the tank and 
mpeller such as (see Table 1): D. 7 
H, Cc, S, L, W, J. Also, B the number 

blades and R the baffles 
help to describe shape of impelier and 
tank wall but are related to 
F-L-T, but rather simply to a reference 
number 


geometrical 


number of 


not here 


fluicl 
and viscosity 
Third the 


characteristics of flow 


Second, the such as 


properties 
density 
kinematic and dynamic 
velocity 
power input or resisting forces, and the 


torce ot 


such as 


flow 
the 
velocity of the tip of the impeller, or 
\, the revolutions per unit time of the 
The 


is used to produce the forces 


gravity. The velocity of 


can be considered as a function of 


and the velocity is proportional to 
impeller 


peller, P 


im the 


power input by the im 


mass flow and also to overcome 
the force of gravity, g 

In order to analyze fluid motion by the 
tundan ental F L T a 
technique was developed by Buckingham 
(4) Ii theorem. An 
other method proposed by Rayleigh (11) 


dimensions of 


which is called the 


may also be used to 


sults (3). The Pi 


give the same re 


that 


1f one variable (for example, power, P ) 


theorem states 
depends upon a number of independent 
(for those listed 
which boundary, kinema 


variables example 


above detine 


tic, and dynamic conditions), they may 
be expressed ma general tunctional re 


lationship such as 


variables 
the 
fundamental dimensional units (F-L-T) 


thirteen 
terms of 


Further, if these 


can be given in three of 
the equation can be expressed as a func 
thor or 13 3 of 
tern 

3+ 1. of 


which 


ten dimensionless 


and each such term will have 


four variables, only one of 


need be changed from term to 
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Power, /se« Ne 

ve 

ft / (sec. ) ( sex a 
Ne 
Also in mont of 
follow ing 
AOD 

cop 

Jp 
K 
Lp 
“ Wop 

DN 

Ny 
Ny Po 

“ 

Ferce, it 

: Mass, (Pe 

a Acceleration, (MY) 

mathemat 

scale-up N. P)=0 (1) 
There are 
corre 
hy 

Since motion, fluid propertie 
and boundary conditions can be de A ity 

| 


term. To be dimensionally homogene- 
ous each term must contain identical 
powers of each dimension. It is conven 
ient to choose a length, a velocity, and 
the density for three of the four vari 
ables of each term and to use the re 
maining ten variables, with an expo 
nent of —1 
Thus, the general equation be 


separately in the ten 
terms. 
comes 

Ty. Fy Tie 0 
Using impeller diameter 2) for the char 
acteristic or reference length, the im 
peller speed \ 
the fluid density, the values of the « 
terms can be evaluated as follows 


for velocity, and p tor 


7,(for tank diameter 7) 
T-* 


substituting dimensions and solving: 


+2 0 
F: 3 0 


whence 


0 \ thus 
x 
It will be evident that if two variables of 


appear 
group, the other 


like dimension together in a 
variables disappear, 


and may be 


hence ty. Fy. 
written by inspection as 


DDD OD OD D 


respectively. 


= 


4¢-—2=0 
y +22:+1=0 
P: s 0 
whence 
-=0 
= 1 
2 
thus 
In a similar fashion 
DN? 


and 


= 

In addition to these ten # terms there 

are two other number ratios that can 

be used to include the variables of num 

ber of blades B, and number of baffles R 
These may be written as 


(war) 


> 
Np = 
where p has the units of Ib. mass/cu.ft 
Any of the # terms can be considered 
as the dependent variable in the general 
equation, but it has been found that the 
power number 
characteristics of the flow and is there- 


contains the essential 


fore used as the dependent variable. Fur- 
ther, it is most convenient to use D in 
the denominator in the dimension ratios, 


thus Equation (2) can be written 


The reference number No. beme deter 
mined by convenient choice. Combining 
all the groups, the following significant 


relationship can be written 


/D DDD DD D 
f 
All terms are dimensionless when con- 
sistent units are used 
This relationship contains three basi 
those defin 
ing the boundary conditions and shape 


cally different parameters 


(the first seven terms and the last two) ; 
those pertaining to the action of viscos 
and that whoch charac 
terizes the general flow pattern 

The boundary conditions are defined 
by simple length or number ratios 

The two characterizing the 
force of viscosity and of gravity have 
been given particular names, the Key- 
nolds number Vy, and the Froude num 
ber 


ity and gravity; 


terms 


and since 


DPN 
it may also be written c 


DN? 
Np, = 
9 
The term P P characterizes the 


basic flow pattern. It is convenient to 
invert it so that power appears in the 
numerator and then to call it the power 
number Np. In addition, it must be noted 
that the density p was used in force units 
in the derivation, and the term is de 
mensionless as derived. However, it is 
customary in the chemical engineering 
literature to use p as Ib. mass/cu.ft 

rather than the force unit of slug 

cu.ft. Therefore, by dividing p in Ib 

cu.ft. by g (32.2 ft./sec.sec.) the power 
number can be written 
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This is the general equation relating 
the physical variables most often en- 
countered in mixing with a single ime 
peller, centered in a cylindrical, vertical 


DN? DON 3p B R 
, —, ) 0 (2 
q P No No 


axis, flat-bottomed tank. The equatio 
can be expanded to account for othe 
tank shapes, bottom shapes, impeller po 
sitions not coincident with the axis o 
the tank, for multipk 
other such variables 


impellers, an 
When a sufhcien 
amount of experimental evidence is a 
hand to evaluate the functional relation 
indicated by the exponents, it is possibl 
to predict behavior of fluid motion an 
forces involved, and to account fo 
power input for operations carried out! 
pilot plant models and large-scale opera 
tions. Data and correlations here re 
ported give some information on e¢ac 
variable shown in the equation. 

Equation (3) is shown in exponentia 
form. This is for convenience in nota 
tion. Values of the exponents have beer 
determined over wide ranges in som 
cases and over limited ranges in others. 
Occasionally the exponents are constant 
over wide ranges of data, and in some 
cases they vary continuously over the 
range of data. However, no more sim- 
ple correlation has as yet been achieved, 
and this one does lead to important gen- 
eralities and to useful ends, 


Significance of General Equation 
of Flow 


The last nine terms of Equation (3) 


define geometric boundary conditions 


which affect fluid motion. They are the 
similarity. If 


they remain fixed for any one set of ex 


parameters of geometric 


periments, it is possible to simplify the 


equation and to write 


Np = K(Ng,)*(N (4) 


Np 
-(3) 
0 j 
Ne = 
v= 
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Fig. 1. Small Dynamometer 

his allows evaluation of the variables 
curring in the groups in this equation 
mversely, if the Reynolds and Froude 
pinbers are kept constant or negligible 
ch of the boundary parameters may im 
rt be evaluated 

The Reynolds and Froude numbers 
«© parameters which describe kine 
atic «conditions The Reynolds num 
r accounts for the effect of viscosity 
hen viscous forces are dominant 
hen viscous forces control, kinematic 


milarity cannot exist unless the Rey 


nolds number has the same value in the 
two flow situations being compared. The 
Froude number accounts for the force 
of gravity when it plays a part in deter- 
mining the motion of the fluid. Froude 
numbers must be equal to have similar 
flow when gravity forces control the mo- 
tion. If both gravity and viscous forces 
play important roles (as is the case 
when a vortex exists in a mixing opera 
tion), then both the Froude and the 
Reynolds numbers must be kept constant 
when comparing a pilot plant, or model, 
operation with a prototype (14) 

To present data graphically it is con- 
venient to use the Reynolds number as 
plots. This is 
the usual technique in presentation of 


abscissa in logarithmic 


fluid dynamic data (1). It is followed 
here for convenience and to emphasize 
that motion in a mixing tank is capable 
of analytical treatment in the same fash 
ion as other flow occurrences. To arrive 
it a convenient form, Equation (4) can 
he written 
Np 


\nd for many cases where (N,p,)" is 
equal to 1 or its effect is negligible: 
@ = Np = K(Ng,)” (6) 


The great majority of all mixing op- 
erations in industry can be handled by 
this equation. It has been found that 


Fig. 2. Large Dynamometer 


A.C. Motor—Single Speed. 

Master Electric-Vario Drive. 

Magneto (2 speed) for Tacho- 
meter 

Gear Box, 4 speeds. 

Differential 

Torque Arm 

Knife Edges 


9. q 

10. Tachometer. 

11. Impeller Shaft 
oupling. 

12. Marine-type Propeller. 

13. Fan Turbine. 


8 Adjustable Angle Bell Crank. 
Scale 


Connected with 
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the most useful correlations of impeller 
performance and its effect on mixing can 
be made by plotting 4 or Vp vs. Ng, on 
log-log coordinates using various boun- 
dary dimension parameters (see Fig 
15) 

To correlate performance in terms of 
power, Equation (6) may be expanded 
and written : 

K 
p = 


g 


4) 


Equations (4) and (7) can be used to 
characterize impellers in different en- 
vironments because they describe dimen- 
\ char 
acteristic curve of a plot of the equation 
It will be shown later that 


sional and dynamic similarity 


will result 
three characteristic points can be used to 
detine this characteristic curve 


LIQUID 
LEVEL 


SIDE VIEW 


BOTTOM VIEW 


Fig. 3. Fluid Flow Pattern for Any 
Shape Impeller ae No Baffles Are 
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BOTTOM VIEW 


Fig. 4. Fluid Flow Pattern for Pro- 
pellers When Baffles Are Used 


Experimental Equipment 


Data for the experimental work were ob 
tained from six different-sized vertical cy! 
indrical flat-bottomed tanks. Tanks of 8.5, 
13 and 18 in. in diameter were made of 
either transparent plastic or glass. Tank 
sizes of 36, 54, 96 in. diameter were made 
of iron. In all cases tank depth was greater 
than tank diameter 

Power was measured by means of dy 
namometers. For the smaller tank sizes the 
dynamometer consisted of a variable speed 
constant-torque motor mounted on a set of 
ball bearings and attached to a circular 
plate, so that the radius of the plate acted 
as a torque arm. The plate carried a flex 
ible cable which passed over a pulley to a 
dial-type scale. The mounting of the motor 
torque arm and bearings was hinged in such 
a way that the torque cable passed through 
the centerline of a hinge. In this way it 
was possible to tilt the dynamometer to any 
desired angle in the vertical plane and stil! 
measure torque. The motor was equipped 


Fig. 7. Flat Blade Turbine 
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Fig. 5. Fluid Flow Pattern for Pro- 
pellers 


PROPELLER TURNING 
COUNTERCLOCKWISE 
LOOKING DOWN ON 

Swart 


OFF-CENTER TOP- ENTERING 
PROPELLER POSITION 


in Off-centered Position 


with a hollow shaft and coupling so that 
various lengths of shafts could be inserted 
and various impellers attached to the end of 
the inserted shaft. This allowed wide varia- 
tion of impeller position, Speed measure 
ments were made by means of an electrical 
tachometer attached to the hollow motor 
shaft. This small dynamometer was care 
fully calibrated and was useful over a wide 
range of speeds and for power ranging from 
0.001 hp. to approximately 0.25 hp. A pho- 
tograph of the dynamometer with weight 


+ 


FLAT BLADE 


Fig. 6. Fluid Flow Pattern for Turbi: 


with Baffles 


scale and tachometer ts shown in Figure 
The dynamometer is shown carrying 
shaft with impeller for operation in ¢ 
13-in. diameter plastic tank. The phot 
graph shows four baffles located at t 
walls of the tank 

For larger-sized tanks a differential-ty 
automotive dynamometer was used, torq 
was measured on platform scales and 
electrical tachometer was mounted on t 
shaft. A photograph of this dynamomet 


is shown in Figure 2 with an impeller s} 


Fig. 8. Turbine Dimensions 
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Fig. 9. Curved Blade Turbine 


attached and mounted m the &-it. diameter 
tank located m the floor of the laboratory 
This dynamometer was used to mgasure 
powers up to approximately & hp The 
dynamometer set-up also shows one of the 
r vertical baffles used These were 
baffles extending from the top of 
the tank to the bottom, attached to the tank 
all by means of ( -clamps. All baffles were 
tical 
The significant baffle dimension referred 
as baffle width is measured along a 
meter of the tank The thickness of 
files sed in the small tanks was approxi 
tely *» m, whereas the thickness of 


TAHLE THRE 
riTcH 


Density ecosity 
euft 


+127 


00074 


baffles used in the two larger-sized tanks 
was either 1% or 2% in 

Various kinds and sizes of impellers were 
studied There are mm general two types of 
impeliers—those which produce essentially 
axial tlow when operating in a baffled con- 
dition (15), and those which produce essen- 
tially a radial flow when operating under 
baffled conditions. It is necessary to specify 
haffled conditions, because an impeller of 


Fig. 10. Arrowhead Turbine 


any shape operating on a vertical centerline 

of a smooth-walled unbaffled cylindrical 

tank will produce rotary and circular lam 

mar flow, resulting in swirl and the mini 

mum of vertical flow currents (see Fig. 3) 

bigure 2 item 12, shows the typical 

‘-blade marine-type propeller which is 

commonly used in many mixing operations 

Propellers in baffled conditions produce 

axial flow, as illustrated in Figure 4; pro 

pellers of six different pitches were used 

These were operated so that fluid was dis- 

Fig. 11. Shrouded Curved Blade Tur- charged downward from the propeller to- 
bine with Stator Ring ward the tank bottom. Data were taken for 


E BLADE MARINE TYPE PROPELLER, 12-1N. DIAMETER, 114 1N 
12 IN. ABOVE TANK BOTTOM. TANK DIAMETER 54 IN 
LIQUID DEPTH 54 IN 


Impeller 


Rates Diamete 
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their operation with and without baffles and 
also in the “off-centered” position ( Fig. 5) 
The fan-type turbine shown in Figure 2 
item 13, is also an axial-flow type; two 
different sizes were used containing 6 and 8 
blades with the blades set at a 45° angle to 
the shaft and rotated for downward dis 
charge 
Four different styles of radial flow tur 
bines were used. The flow pattern for 
radial flow impellers when baffles are used 
is illustrated in Figure 6. The flat-blade 
turbine illustrated in Figure 7 was used in 
21 different diameters from 3 to 48 in. Tur- 
bine dimensions are given in Figure & The 
standard ratios for the dimensions are 
20:5:4. Various numbers of 
blades from 3 to 12 were used. Some runs 
were made without baffles, but the majority 
of runs were made under baffled conditions. 
(ne curved-blade turbine illustrated in 
Figure 9 was tested, and four different 
diameters of arrowhead blade (disperser ) 
turbines (Fig. 10) were used These tur 
bines were operated both with and without 
baffles. A shrouded turbine shown in Fig 
ure 11 was operated with a stator ring and 
without other baffles, and also with wall 
baffles without the stator ring. Four differ- 
ent diameter paddles (from 4 to 42 in.) were 
used. These were simple 2-blade flat pad 
dles having blades from 1 to 7 in. in width 
In most operations the impellers were 
placed one impeller diameter above the bot- 
tom of the tank, but impeller location was 
varied between 0.5 and 1.2 impeller diam- 
eters above tank bottom 


Liquids Used 


Water, kerosene-carbon tetrachloride 
mixtures, lubricating oil, linseed oil and 
various corn syrup solutions were used 
These liquids permitted the use of wide 
variations m viscosity and some variations 
in density. The viscosity of the water used 
was approximately 1 cp. (depending upon 
temperature); the kerosene carbon-tetra 
chloride mixtures, and lubricating oil per 
mitted viscosity variation between 5 and 600 
cps. The linseed oils varied between 800 to 
20,000 cps. and the corn-syrup solutions 
were varied between 15 and 43,000 centi 
poses 

The density range of these liquids at their 
temperatures of operation was between 59.7 
and approximately 90 Ib./cu-ft 

Viscosities for water were taken from 
data in Chemical Engineers’ Handbook 
(Perry) at the corresponding water tem 
peratures. The viscosity of all other liquids 
used was determined by means of Brook 
field Model LVF and MI F,4 speed, vis 
cosimeters. For the higher viscosity liquids 
a calibration was made by means of the 
viscosimeter tor a given solution or mixture 
at a series of temperatures. From thes 
data calibration curves were made between 
viscosity and temperature for various mix 
tures. With high viscosity liquids where 
considerable power is consumed in mixing 
the emTgy 1s dissipated as heat, and the 
mixtures warm up rapidly: the viscosity 
changes appreciably. For all runs made at 
high viscosities the temperature was re 
corded at the moment torque and speed 
readings were made. Viscosities corre 
sponding to the actual temperature of the 
liquid at the moment of the readings wer: 
used for calculations 

Densities were measured by means of 
hydrometers, and in the case of solutions 
and mixtures the variation of density with 
temperature was also calibrated, so that the 
proper density was used for calculations 
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corresponding to the density of the mixed 
liquid. 

Liquid depth was varied between 0.55 to 
12 tank diameters 

Various data pertaining to impeller size 
and shape, tank diameter, and extent of 
baffling as well as liquid viscosity and den 
sity are shown in the summary of experi 
ments in Table 2.* 

Liquid temperatures were at room tem 
perature or above, depending upon the heat 
generated by the mixing. In all cases tem 
peratures were between 65° and 75°. Fx 
periments outlined in Table 2 were per- 
formed over a period of several years 


Experimental Procedure. Runs were 
made in the various size tanks using the 
appropriate dynamometer setup. Liquid 
was placed in the tank, the impeller and 
shaft connected. Then the dynamometer 
was started, brought up to the desired speed 
and when conditions were steady, torque 
weight and dynamometer speed were rec- 
orded. The temperature of the mixed liquid 
was taken by means of a calibrated glass 
thermometer immersed below the surface of 
the liquid, approximately halfway between 
baffles and within '% in. of the tank wall 

An important feature of this experimen- 
tal work was to explore the power require- 
ment for rotating mixing impellers in dif 
ferent viscosity and different density liquids 
Few previous data in the literature cover 
expermmental results for a given impeller 
over a wide range of viscosities in the same 
mixing tank. Moreover, care was taken to 
obtain overlapping Reynolds numbers: that 
is, Reynolds numbers of the same value 
were obtained by varying all three of the 
independent variables, namely D, N, and » 
the kinematic viscosity 


Experimental Results 


Thousands of experimental determi 
nations were made over wide ranges of 
the variables as summarized in Table 2. 
Too many data are available for de- 
tailed presentation, accordingly only a 
few typical data are tabulated in Tables 
3 and 5.1 

All results obtained are summarized 
in the form of plots of derived data ap 
pearing in the following figures and in 
tabular form in Table 6.1 The character- 
istics of each impeller type will be taken 
up in detail, after which comparisons of 
the data for the various types and for 
the different size and boundary variables 
will be given. 


Propeller Characteristics. Part of one 
set of runs, showing data typical of the 
action of a propeller, is given in Table 
3. Data are for a 12-in. 3-blade marine 
type propeller, 11.8-in. pitch, operated in 
a 54-in. diameter tank ; liquid depth was 
54 in., the impeller was 12 in. above the 
bottom of the tank 

rhe first section of data gives the re- 
sults when no baffles were used in the 
tank, the next section when four 4.5-in 
wide baffles (1/12 or 8.3% of tank diam 
eter) were used, and the third section 

* See Note on p. 395 

t Tables 5 and 6 referred to in Part I 


will be published with Part II in the Sep 
tember issue 
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TABLE 4--VALUES POR THE FROUDE 
NUMBER EXPONENT « AT REYNOLDS 
NUMBERS ABOVE S00 
loge Vac 

> 


sero for baffled conditions, of when no 
vortexes are present, or at Reynolds numbers 
below 300 


Pre 
peller Tenk 
Diameter Diameter rp 
in in Ratio a Ly 
‘ 85 3.1 26 18.0 
20 Sa 2.7 23 18.0 
18 ‘a 3.0 3.1 18.0 
4 18 33 17 18.0 
12 ba 45 v 16.0 
Fiat Blade 
Turbine 
6 Blades 
4 18 16 49.0 


when four 5.4-in. wide baffles (1/10 or 
10% of tank diameter) were used. Al- 
together, Table 3 shows only 31 runs 
out of a total of 174 runs actually made 
for this propeller. To illustrate the fur- 
ther concentration of data, these 174 
runs are presented in the three lines of 
Table 6 showing the results for th 
2-in. propeller in the 54-in. tank 
Table 3 gives observed data and als 

the calculated values of power, Reynold 
number, Froude number, power number 
the exponent of the Froude number —# 
and @. Data from the first part of Table 
3, where no baffles were used, together 
with the other runs not tabulated, were 
used to plot the curves in Figure 12, 
This is a log-log plot of power number 
with Reynolds number and is a test of 
Equation (6). All data for various speeds 
of the propeller at Reynolds numbera 
below approximately 300 fall on a singld 


line. It was observed visually that little 
vortexing of the liquid occurred at thes 

low Reynolds numbers, but that vorte 

formation was increasingly evident a 

the speed of propeller rotation increase¢ 
at Reynolds numbers above about 300. | 

is apparent from the plot that Equatior 
(6) will correlate the data at low Reyn- 
olds numbers, hence, the Reynolds num- 
ber alone is sufficient to describe dynamic 
similarity. The slope of the curve is —1 
for Reynolds numbers below 10. A slope 
of —1 for such a plot is typical of “vis 

’ conditions in other fluid flow 
systems. Hence, in mixing operations 
the viscous flow range obtains at Rey- 
nolds numbers below 10. Substituting 
the value of —1 for m in Equations (6) 
or (7), the following equation results: 


cous flow 


P= (8) 

This shows that for the viscous range, 
power is proportional to fluid viscosity, 
to the square of impeller speed, and to 

the cube of impeller diameter 
The value of K is characteristic of 
the impeller and its environment. Its 
value can be calculated for a given value 
of Reynolds number. Since data for the 
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viscous range were taken between 
Reynolds numbers of 1 to 10, it 
was arbitrarily decided to compare 
values of K in the viscous range at 
the Reynolds number of 5. From 
Equation (6), the value of K is equal 
to the power number at Reynolds num- 
ber of 1; hence, K will equal 5, at the 
reference Reynolds number of 5. Since 
the value of @ is often used for 
the ordinate and applies as shown 
in Equations (5) and (6), the com- 
parisons of all impellers are shown in 
Table 6 in terms of ¢ at Ng, of 5, rather 
than as K. The value of K for Equa- 
tion (6) is then equal to 5¢ at VN», of 5. 
Values of @ at Ny, of 5 are given in 
Table 6 for all propellers operating 
without baffles. The value is practically 
constant at 8.3 over the range of sizes 
and conditions tested; hence, K = 4155 
in Equation (8) for square pitch (pitch 
equal to diameter) marine-type three 
blade propellers operating in unbaffled 
tanks in the ranges of conditions shown 
in Table 2 

Referring again to Figure 12, it is 
clear that at Reynolds numbers above 
about 300 the data do not lie on a single 
line. It is apparent that propeller speed 
and power cannot be correlated by means 
of Reynolds number alone. Curves have 
been drawn connecting pomts represent 
mg the same propeller speed at different 
Reynolds numbers. Also, the Reynolds 
numbers were varied by using different 
viscosities as well as by different speeds 


SPEED LEGEND 


© UNDESIGNATED SPEED 


“0.127 
(189 cps) 


The slanting lines representing three of 
the different viscosities used are marked 


REYNOLDS NUMBER 


on the plot; any one of them shows how 
power number varies with Reynolds 
number when speed is the only variable. 


i2 IN. ABOVE 


At Reynolds numbers above 300 a vor- 
tex can be observed at all propeller 
speeds. This and the theory of dynamic 
stmilitude suggest that the Froude effect, 
or gravity, plays an important role. The 
magnitude of the Froude effect is seen 


IN DIAMETER PROPELLER 
TANK 
TANK BOTTOM 


54 IN 


PROPELLER 


54 NW LIQUID DEPTH 


tor example im the value of the power 
number for a Reynolds number of 100 
000. For a propeller speed of 100 rev 

min., Vp 5.8, and for a speed of 500 


rev./min,, Np 2.3, the Froude effect 
is less pronounced at lower Reynolds 
numbers and is of negligible influence 
at Reynolds numbers below 300. For the 
higher Reynolds numbers Equation 4 
should apply, and the value of the ex 
ponent » should be evaluated 


Fig. 12. Power, Viscosity, Speed, Reynolds Number Correlation for a Propeller Operating in a Mixing Tank without Baffles 


lf a plot is made of the power num 
ber with the Froude number for constant 
values of Rewnolds number, it is evident 
that the Froude number is a function of 
the Reynolds number. By plotting the 
logarithm of the Reynolds number 
against the slope of the lines of the 


power number — Froude number plot a 
straight line results, from which the 
value of the Froude exponent m was 


dd found to be of the form 
Y3MOd 
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- 
For the 12-in. propeller and data of Fig- 
ure 12, the value of is 0, and of b 4414.4 al 
lers. It appears that a, and thus m, is a ay ‘ 
function of the ratio of tank to propeller te d 
Table 3 gives the values of Ny», and + = oe ++ ; 
Equation 5 gives a convenient form for wen 
correlating the data; accordingly, the + 
value of Np/(N»p,)* can be plotted as 00.0 + 
logarithmically against Reynolds num- esese§ | | 4 
ber. Since the Froude effect was not ap- ry 
parent below Reynolds number of 300, 5. | | #43) 
this is applied only for higher Reynolds P| 
numbers. 
Figure 13 is a plot of data for pro- geezer Pi 0 
pellers where the ordinate is designated 
as and the abscissa is the Reynolds TT 
number, The value of @ is the 3. | TY | 
power number Np for all Reynolds num < o rc 
above 300, ¢ is the value of Np/(N>p,)" 
Or, Equation (5) is applied at Reynolds TT x 
numbers above 300, and Equation (6) is s 5 3 
applied at Reynolds numbers below 300, 3 
for propellers in unbaffled tanks. Curve | 4 
4 shows the data from Figure 12 when & ‘ £ 3 % 
the Froude effect is taken into account. Zezetz ‘ 4 > 5 
Data lie on a single curve and show that —+| geenes 
Equation (5) can be applied effectively 
and that the Froude number must be | 
taken into account under some condi onmeaen z f 
Curves 1, 2, 3, 4 and 5 of Figure 13 Bee ees ; 2 i 
are tor propellers like that of Figure 3, . : 
curves are typical of all sizes of pro | at ; 
pellers tested. The power characteristic } : - | 
can be characterized by the shape of such — — » 
curves and Equations (5) and (6). Con om | 
sider the significance of the curve shapes +—4 
Starting at the left side of the plot, as TTT T T | kg 
decreases in the viscous range and Equa 
tion 8 applies up to a Reynolds number it 
of 10. A transition from viscous to tur , 
bulent conditions starts at a Reynolds 
number of 10. Above Ny, 10 the 
value of m in Equations (5) and (6) is 
not constant and varies gradually and whe 
nonuniformly until high values of N»,; | 
also, the value of A varies continually jae 2 
during the transition period. Above a ; = 
Reynolds number of approximately “£68 
10,000 the turbulent conditions are such +++ + +-—+ 
that the slope of the curve is almost con- ee 
stant, at a small negative value. Since all 
Reynolds number-power number curves 
for propellers are of the same general | | 
shape, it is possible to fix them within 
small limits of error, by using the values eee 


of ¢ at the characteristic Reynolds num- ° o 
bers of 5, 200, and 100,000. For example, 
if the values of é are known at these 
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= 6 é 
= 


values of Ny, the curves can be con- 
structed by drawing a line with a slope of 

1 through the N », 5 point, connect- 
ing this line with a smooth curve of the 
shape of Figure 13 through the point at 
\ Re 
ot small newative slope passing through 
100,000. Note that 
between Reynolds numbers of 20 and 200 


amd connecting with a line 
the port at 
there is a in the 
lable 
6 m terms of values at the threé charac 
terist 
tested 


mall upward 
Data ire 


hump” 
curves summarized im 


values of Vy, for all propellers 


Curves of Figure 13 show the varia 


tank 


diameter-propeller diameter (7/D) ra- 


tons of power requirement with 
tio, propeller 
baffle 

1/1) ratw affects power requirements 
Reynolds 
sutheient that they be compared by not 
value of @ at Ny, 100,000 
The curves and Table 6 show that ¢, and 


theretore the mereases as 7 /D 


pitch, and the use of 


only at high numbers. It is 


ing the 


power 

Curve 5 shows data for a propeller of 
Note 
that in the viscous range the data are 


twice the pitch used*for Curve 3 


identical, but the curve changes slope 
and the values of @ at 
L000 are 


rapidly 
V we 200 
higher for the high pitch propeller. At 


‘ 


and much 
\ 100,000 the higher pitch propel- 
ler has a power function of 0.52 com 
pared with 0.29 for the lower pitch pro- 
peller 

It should also be noted that when pro 
pellers are rotated in tanks without baf 
fles «or thet equivalent) the flow pat 
tern is as illustrated in Figure 3. This 
shows a with a 


depth of the vortex is a function of pro 


drawing swirling flow 


deep vortex formed in the liquid 


sped ind as speed ts mereased the 
until it 
At this pomt gas 


will become deeper 


the propeller 


ouches the propeller and may be drawn 


the hqud. The power necessary to 


drive the propeller, when gas and liquid 


are both in contact with it. is less than 


that required when 


ile Thies tollow 


m contact with leur 


trom on (5) 


which shows that power is a function of 


the Reynold thus of the 


number and 


peed increased unt 


tex reached the propeller, the 


ut increased. However, wher peed 


that at the 
just short of entering the 


nereased above 


wer actually decreased 


« maximum power that can be 


n the flue whet 
ller depth 
power that 


vstem 


the Froude number and cen be related 
to it by vortex depth (14). 


Baffles wath Propellers. When baffles 
at the tank wall are used with propellers, 
the fluid regime is changed from that 
illustrated in Figure 3 to that shown in 
The baffles cause 
rents of flow as well as lateral currents 
at many points in the liquid. Vortex and 


Figure 4 vertical cur- 


switl can be eliminated by the use of 
suc h baffles, 
propellers are 


and under these conditions 


classified as axial flow 
impellers 

Data are given in Table 3 which are 
typical of propellers operating with baf 
fles. Such data can be correlated by the 
use ot Equations (6) and (7). Curve 6 
of Figure 13 1s from data where four flat 
baffles were placed symmetrically at the 
tank wall, each extending into the liquid 


tank 


tenth tank diameter 


distance of one 
Since with baffles 
of this type and size there are no rotary 
flow 
liquid surface has no standing wave for 


on a diameter a 


motions and thus no vortex, the 
mation of sufhcient size to require en 
gravity. Thus, the 


Froude effect would not be expected to 


ergy to overcome 
a part in defining dynamic simi 
6 the ordinate is the 
number alone, and the data fall 


play 
larity. For Curve 
power 
on a single line, showing that the Froude 
effect is absent under these baffled con 
ditions and that Equations (6) and (7) 
will apply 

Curve 6 of Figure 13 is for a propel 
ler whose pitch is twice its diameter, and 
Curve 2 of Figure 15 is for square-pitch 
propellers where pitch ts equal to diam 
The 


curves are similar and are 
characteristic ot all 


tested 


eter 
propellers 
baffled conditions 

Equation (7) can be evaluated for use 
haffles 


range, the val ot 


under 
with propellers operating with 
For the viscous flow 
1 and Equation (7) reduces to 
Equation iB) Moreover 


most coincide with those 


m 

the data al 
for non-baffled 
The value of A can be 
puted from the value of @ trom Table 6 
no baffles 


transition 


oper ifron com 


1s Outlined tor the case where 
ire present. In the range 


abowe .\ ne Of 10, the value of m 
1 to 0, and the walue of A 
W hen the 


Reynolds numbers, the 


varies 


trom not 


onmstant curve have a lope 
ro at higher 
of min Equation (7) is zero and 


quation reduce to 


The value of A is equal to \ pat \ re Ot 
100,000: walues are listed mm the last col 


umn of Table 6 for all conditions of op 


eration 
Three 


number 


values of Reynolds 
} 


relerence 
can be used to characterize the 
number vs. Reynolds 


the different 


curves of 
and the data for 


power 


number 
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conditions studied are tabulated in Ta- 
ble 6. As outlined above for propellers 
operating without baffles, the entire 
curve may be constructed by the data at 
At Ng, of 5 and the 
corresponding value of Np, a line of 


these three points 
slope of —1 is drawn. This is connected 
with a curve passing through the Vp 
value at Np, of 200, and joining a 
straight line of zero slope passing 
through the Vp value at Nz, of 100,000 
rhe zero slope portion of the curve be- 
gins at Ny», of about 20,000 for square 
pitch propellers and from Ny», of about 
10,000 for a pitch ot two 

For viscous flow the values of Np are 
nearly the same whether baffles are used 
or not and regardless of the propeller 
pitch. During the transition range dif 
ferences in flow pattern and power re 
sponse develop as a result of the pres 
ence of baffles. In turbulent flow condi 
tions the power fequirement is always 
higher (for the same propeller speed ) 
when haffles are present, as is evident by 
comparing curves 5 and 6 of Figure 13, 
or by comparison of values of 4 at Np, 
of 100,000 in Table 6. 

Due to the absence of deep vertexes 
when baffles are used, the speed of the 
propeller can be increased almost with 
out limit without drawing gas into the 
propeller intake. Accordingly, there is 
no limit (with respect to liquid motion ) 
to the power that can be imposed on the 
liquid flow by virtue of propeller speed 
Equation (10) much 
larger range of propeller speed for baf 


applies over a 
fled conditions than does Equation (4) 
for nonbaffled conditions 

Off-Centered Propelier. The off-cen 
tered 
shaft enters through the top surface of 
The 


position with respect to off-set trom a 


position of a propeller whose 


the liquid is shown in Figure 5 


diameter, angle with vertical, and to dis 
and varies 
tank diameter, and 
This post 


is that wherein the highest power 


tance above bottom is critical 
with liquid depth 
propeller size off centered 
tron 
input can be obtained, and it is accom 
panied by a flow pattern without vortex 
in the liquid surface. Data are 
lable 6 which show that the off-centered 


given 


propeller requires the same power as 
the same propeller operating im the ver 


tical baffles 


each ten per cent of tank diameter. For 


center position with four 
this reason the off-centered position ts 
considered equivalent to using baffles 
off-cen 
tered position above Reynolds numbers 
ot 20,000 


moved from the optimum as shown in 


Equation (10) applies at the 
If the propeller position is 


Figure 5, a vortex will be formed and 


less power can be applied 
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R. C. SCOFIELD * 


Performance characteristics are reported for a new type of industrial 
fractionating-tower packing having both higher capacity and improved 
“HETP” when compared with conventional bubble-cap towers. This 
packing is fabricated to form corrugated trays of multilayer, expanded 
metal lath. These trays are assembled to bring the ridges and valleys 
of adjacent trays into contact. 


Experimental performance characteristics were obtained for vacuum 
conditions at 180 mm. Hg abs., atmospheric pressure and elevated pres- 
sures of 160 lb./sq.in.abs. in a small test tower. Commercial applications 
are reported for towers up to 4 ft. in diameter. Visual observations in 
a large air-water tower, which include motion picture studies, illustrate 
the operation of the packing and demonstrate positive distribution 
control. 


In the atmospheric pressure range, if the packing is substituted in an 
existing tower for 36 bubble-cap trays on 1.5 ft. spacing, the resulting 
tower can give performance equivalent to more than 100 bubble-cap 
trays while operating at twice the maximum original loadings. 


Savings reflecting up to a sixfold reduction in tower size may be realized 
in the principal cost items such as vessels, structural steel, foundations, 
insulation, transportation, erection charges, etc. Relatively large savings 
may also be realized when it is necessary to relieve capacity or frac- 
tionation limitations in existing towers. 


HE conventional bubble-cap tower which are normally 7 to 10 times as 


has withstood competition and ma high as through the tower section as 
jor change during the last 25 years a whole. A tower-packing study was 
despite inherent and fundamental limita undertaken to exploit potential packed 
tions upon performance. Capacity limi tower advantages such as essentially 


tations result from double reversal of linear vapor flow, avoidance of high 
the vapor path through the bubble-cap local vapor velocities and vapor-liquid 
tray and also from local vapor velocitie. contacts at intervals of every tew inches 
mpared with the 18- to 30-in. intervals 
encountered with bubble-cap towers. 
Recognizing the uncontrolled and 
usually poor liquid distribution of con 


Present ss 884 Beaconsfield 
Grosse Pointe 30, Mich 


ventional packings, an effort was made 
to insure uniform liquid distribution 
especially in large size towers. A form 
of packing was conceived which was 
composed of a number of layers of metal 
lath, compacted and bent into Vee shape 
rhe trays thus formed were placed with 
the apexes of one layer touching the 
apexes of the layers above and below. In 
this manner it was anticipated that li- 
quid would flow down two adjacent 
slopes, meet at the bottom, redivide on 
the next slope, etc. Preliminary tests 


Pig. Virgin On with water, using air as the gaseous 
. Stripper. medium, showed that such an action did 
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INDUSTRIAL FRACTIONATING TOWER PACKING 


Pan American Refining Corporation, Texas City, Texas 


in fact take place. An experimental pro- 
gram was therefore established for 
further devloping this type of packing 


Description of Tower Packing 


Following the tests with the initial 
exploratory Vee-shaped packing, differ 
ent forms were tried, such as sine 
shaped, varying slope angle, varying 
amplitude, pore size, etc. A so-called 
No. 7 Series was among the better de- 
signs developed which has been sub- 
jected to rather extensive testing. 


Fig. 2 (above). Section of a Packing 
Tray Employing Seven Layers of %-in. 
mond Metal Lath. 


Fig. 3 (below). Sin of %-in. 
Diamond | Lath. 
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>. 
INCHES. 


The No. 7 


corrugated 


Series packing employs 
trays superim- 
posed to form a honeycomb-like assem 


which are 


bly. Each tray is fabricated from seven 
layers of J4-in, diamond mesh metal 
lath Photographs of the packing are 


Figure 4 
is a sketch providing physical details 


shown in Figures 1, 2, and 3 


(above). Experimental Tower 
wing Top Section Swung Aside. 


Fig. 6 (below). Cartridge Assembly. 
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Fig. 4. No. 7 Series Packing Made of Seven 
Metal Lath. 


Layers of %-in. Expanded 


The packing is the subject of a patent 
assigned to the Pan American Refining 
Corp. (16). 

The most distinguishing characteris- 
tics of this packing are its open, unob- 
structed character and its large, open, 
cell-like sections extending across the 
full tower section. The many open sec- 
tions function in equalizing pressures 
across the tower and establishing the 
controlled and uniform flow pattern con- 
sidered necessary for the proper func- 
tioning of packing in large diameter 
towers. 

Primary consideration is given to the 
No. 7 Series of the packing because it 
improvement in the 
principal phases of performance. Other 
forms of the packing have been tested 
amd, as might be expected, have demon- 
strated superiority in specific phases of 
performance 


shows a balanced 


Description of Equipment and 


Procedure 


Two types of equipment were used in 
this study; one type was constructed to 
permit visual observation on an air-water 
system, the other consists of steel equip- 
ment for detailed fractionation studies un- 
der various pressure conditions 

Air-water test equipment employing a 
rectangular tower with plate glass sides 
permitted detailed observation of the air 
and water distribution. These studies, by 
demonstrating positive control of distribu 
tion over a wile operating rang 
lished that fractionation studies could be 
appropriately made in a small tower 


For the fractionation studies, an experi 
mental tower was built employing 2 by 
15-in. rectangular sections of packing in 
depths up to 4 ft. Figures 5 and 6 are 
photographs showing the experimental 
tower and the packed cartridge assembly 
which was installed in the tower for test 
purposes Figure 7 is a cross-sectional 
sketch illustrating the general tower con 
struction. The tower was constructed from 


ordinary 20-in. pipe for the tower shell and 
equipped with a built-in condenser and re 
boiler utilizing helically wound pipe. To 
facilitate change of packings the tower was 
flanged near the midpoint and the upper 
section was mounted on davits so that it 
could casily be swung aside. The cartridge 
of packing was supported and sealed by a 


ring fitting between the flanges of the 
tower 
The rectangular packing section used 


in the expermmental tower was adopted so 
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that the same section of packing could be 
tested also in the air-water equipment. 
Some of the early experimental fractiona- 
tion studies were made using a circular 
packing section in a 2 ft. diameter tower. 
The “H.E.T.P.” data from this source agree 
closely with the data obtained on a rec- 
tangular section of the same packing when 
it was tested in the experimental tower. 
These observations confirm the expectation 
that the packing efficiency will be substan- 
tially independent of the size or shape of 
the packed section 

Since only process steam was available 
for reboil duty, it was necessary to select 
three different binary systems appropriate 
for vacuum, atmospheric and high pressure 
ranges, respectively. For the atmospheric 
pressure work, one degree Cooperative Fuel 
Research reference fuel benzene and toluene 
of comparable purity were employed and 
compositions were determined with a cali- 
brated Cottrell boiling-point apparatus 
described by Griswold, Andres and Klein 
In vacuum work ethylbenzene of 
98.9% purity and the best available com- 
mercial isopropylbenzene were used. The 
latter was found to have traces of ethyl- 
benzene and meta-xylene which did not 
impair its usefulness and, in addition, 1.4% 
parafhns. Composition of the ethylbenzene- 
isopropylbenzene system was determined by 
ebulliometric methods described by Swieto- 
slawski (/8). The high pressure data were 
obtained using Phillips’ “pure” grade nor- 
mal butane and normal pentane, and com- 
positions were determined by either mass 


(7). 


That Fig. 7. Experimental 
Tower Cross 

Ht Section. 

Hh i! (1) Condenser — 
Three helically 


wound coils con- 
nected in parallel. 

(2) Chimney for 
carrying vapors to 

top of tower. 

(3,4) Reflux trapped 
out at (3), returned 
by gravity to reflux 


distributor system 
at (4). 
(5) Entrainment 
144 separator. 
(6) Packing cart- 


ridge supported be- 
tween flanges. 
(7) Jacketed drip 
collector insulated 
with loose granular 
Sil-O-Cel. 
(8) Radiation shield. 
(9) Reboiler—Di- 
vided into two cir- 
cuits for individual 
or parallel use.¢ 
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. 8. Floodpoint es pines Data Using Fig. 9. Ait-Water Performance. 
S/F 


spectrometer or spectrophotometric meth 
ods 

Blank runs were made with each of the 
three systems over the range of experi- 
mental operating conditions to determine 
the net amount of outside contacting due 
to the distributor, wall effect, etc. In sub- 
sequent experimental work with the pack- 
ing deductions were made for this outside 
contacting as indicated in the tabulated 
summaries of experimental data 


Capacity Studies. Capacity studies 
have been made in the glass air-water 
tower as well as the experimental tower. 
Data obtained in these studies have been 
compared with regular packed tower 
correlations and bubble-cap tower per- 
formance from the standpoint of maxi- 
mum capacity. 

The basic floodpoint correlation nor- 
mally used for sizing packed towers was 
developed by Sherwood, Shipley and 
Holloway (17) on the basis of dimen- 
sional analysis. The capacity constants 
for most packings are evaluated on 
the basis of measured surface area per 
unit tower volume and per cent free 
void space, and expressed in the form 
of S/F*. Other factors such as vapor 
and liquid loadings and physical pro- 
perties of the liquid and vapor are 
combined in the correlation and plotted 
in terms of the functions shown in 
Figure 8. Actually, the curve shown 
in Figure 8 is the slightly modified 
curve proposed by Lobo, Friend, 
Hashmall and Zenz (11). These 
authors extended the studies of the 
floodpoint correlation to include recent 
additional data from the literature and 
used modified values of S/F* which 
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2000 


uieww “/ (we)(rr®) 


best fitted the experimental data. points obtained by using the S/F* value 
Their curve provides improved sta- of 30.7. The close correspondence be- 
tistical correlation while retaining tween these points and the curve shows 
the same dimensionless grouping that the flooding characteristics of Sco- 
of variables. It is not practical to deter- _ field packing agree closely with the Lobo 
mine S and F factors for Scofield pack- correlation. 
ing from the physical dimensions of the From this correlation it is evi- 
packing, and the packing characteristics dent that for given L/Il’ ratios, den 
are calculated from experimental flood- sities and viscosities, the limiting 
point data using the curve of Figure 8. vapor rate depends solely upon the 
Table 1 summarizes the air-water S/F* value. Interpreted in this way 
floodpoint data obtained with No. 7 the S/F*® values are an indication of i 
Series packing. These data give an comparative capacity. When compared 
average S/F*® value of 30.7. Fig- on this basis the six experimental values 
ure 8 is a plot of the experimental of S/F* from the air-water tests show 


TABLE 1 SUMMARY OF INITIAL FLOODPOINT DATA AIR WATER 


No. 7 Series Packing 


Water Rate Air Rate Water Air Water Outlet 
from Packing to Packing Density Density Temperature 
( hr.) (sqft.) (he.) th. /eu.ft tb./eutt *F 


TABLE 2. SUMMARY OF CAPACITY CONSTANTS DERIVED FROM 
EXPERIMENTAL DATA OF VARIOUS SOURCES 


No. 7 Series Packing 
Kelative Capacity 
Based o 


Source of Data 


Run No. 26 at atm. p-benzene toluene system 
Run No. 37 at 178 mm. Ng. abs. p., ethytbenrene-isopropy! 
benzene system 
Run No. 117 at 150 th. /sq.in abs, butane pentane «) stem 
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‘ = 160 J 
40 
or o2 06.086.) 4 aw 
Fig | 
28.400 1/230 $2.1 
Value 
100.8 
292 102.5 
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uu we 


Lieuio woLO-uP, FT? 


PRESSURE CROP 


SYMBOL Li@UID 
2190-2290 
4 3190-38730 
6180-s380 
+ 7260-8400 
11,100-138,100 


an average deviation from their mean 


equivalent to 4.36 in terms of limiting 
vapor velocity 
Table 2 


packing as 


determined 


this 


various 


gives values tor 
from 
data 
relative capa 
that the 


essentially 


ources of expermental and in 


cludes corresponding 
cities It 


original 


should be noted 


correlation and 


all literature floodpoint data in 
volve vapor densities within the limits 
of 0.113 and 0.0051 th. /euw ft 


able data tor the air-water 


ompat 
and 
agree- 
The high pressure work involves 


vacuum 


atmospheric work are in good 
ment 
vapor densities about 20 times those used 


in establishing the original correlation 


COMPARATIVE ¢ 


COMPARATIVE ¢ 


PACKING 


APACTTY 
CRUDE 


or 


VAPOR VELOCITY, PERCENT OF LimiTiIne FOR 
SUBOLE CAP TOWER WITH 1.6 FOOT SPACING 


Fie. 10. Pressure Drop Data from Air-Water Studies. 


APACITY 


FLASH 


Fig. 11 


unl a significant departure is noted for 
work in this range 

$/F* 
common packings are 
Lobo 
ther 


Some values for representa 
taken from 

Hashmall 
expermmental 
Table 3 
marizes the S/F* data and gives capa 
No. 7 


These conventional-type packings 


tive 
the 


and 


article by Friend 
Zenz for 


packed and shaken case 


wet 
sum 
cities relative to the Series pack 
ing 
are not used in large diameter fraction 


of lack 


are 


ating towers, apparet thy because 


of control over distribution 


appropriate for small diameter towers 


where limited capacity is not objectior 


ible tecause of the lack of literature 


OF REPRESENTATIVE PACKINGS 


tape 


BUBBLE CAP TRAYS 
TOWER SERVICE 


AND NO 


CHEMICAL ENGINEERING PROGRESS 


40 


VAPOR VELOCITY, PERCENT OF LIMITING FOR 
BUBBLE CAP TOWERS USING 15 FOOT SPACING 


Liquid Hold-up Data from Air-Water Studies. 


data on the conventional-type packed 


iracthionating towers in sizes of 2 ft. and 
be consid 


greater diameter, they cannot 


ered from a standpoint 


lor 


competitive 
Neglecting this disability conven- 
tional type pac kel towers, it is 
ent from Table 3 that the No. 7 
packing can be loaded to 250% ot 


l-in 


appar 
Series 
the 
loading permitted with porcelain 
Raschig rings 

Recent 


bubble-cap tray design made by Stand- 


studies and improvements in 
ard Oil Development Co. are 
by Rhys and Minich (175) 


has credited 


reported 
This work 
been with providing in 
creased apacity tor bubble cap towers 
Phese started 
(1) an established expression 
tor allowable 

bubble 

the 


authors with Equation 
which is 
the super tic ial vapor ve 


locities for cap towers and is 


described Chemical Engineers 


wok 
(1) 


They proposed a 
form & KWH 


tion (2) where H represents the dis 


substitution of the 
resulting m Equa 
tance between trays and A represents a 


fixed constant ‘ndependent of tray 


spacing 


This equation was used to describe lim- 


iting commercial loadings on a crude 
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flash tower utilizing the improved tray 
design. The value of K corresponding 
to their highest loadings was 0.210 

For purposes of comparison an “ef 
fective” & constant for Equation (1) 
may be calculated for No. 7 
packing by 


Series 
employing experimental 
values of vapor velocities and densities 
and solving for & Since the limiting 
loadings for the packing in experimen 
tal fractionation service were obtained 
at total reflux it might be expected that 
slightly higher vapor velocities could 
be obtammed at the relatively low L/I 
ratios characteristic of crude flash tower 
operation. This somewhat higher vapor 
velocity may be calculated using the 
correlation shown in Figure 8. For ex 
ample, in Run 27 the limiting vapor 
velocity for ¢ benzene-toluene system at 
atmospheric pressure was found to be 
6.88 it./sec. at total reflux. By com- 
parison, at the L/!° value of 0.6 repre 
sentative of crude flash tower service 
the caiculated limiting vapor velocity is 
7.53 ft./sec 
Equation (1) and solving results in an 
effective & value of 0.466. The com 


Substituting this value in 


parative limiting coefficient values for 
the bubble-cap tower, case of Rhys and 
Minich, takes the form & 0.210\/ H 
The approximate difference im capacities 
is summarized in Table 4. The tabu 
lated 


capacities can be associated only with 


constants and corresponding 
optimum tray design and correspond- 
ingly low liquid loadings or L/V’ ratios. 
For higher /./I° ratios and equipment 
more nearly representative of general 
tractionation practice the value ef the 
constant is somewhat lower. For ex 
ample, the 8-ft. diameter tower of the 
toluene unit at Texas City is limiting 
at loadings corresponding to a & value 
of 0.203. This tower 
service in 1943 and employs conven 


was placed in 


tional cast iron caps and trays. The 
trays are of the double-flow type on 
1.5-ft 
tower is considered to be tairly repre 


spacing. Performance of this 
sentative of bubble-cap towers and has 
been selected as a base case for compar 
ison. The limiting vapor velocity of this 
tower ts considered to be approximated 
by Equation (1) using the coefficient of 
0.203. Some degree of orientation and 
comparison is provided by expressing 
the experimental packed tower vapor 
velocities in terms of per cent of the 
calculated limiting vapor velocities for 
the bubble-cap tower base case 
Air-Water Observations Visual 
studies including motion pictures have 
been made using rectangular sections of 
packing behind plate glass and employ 
ing an air-water system. An index of 
the contacting 


efficiency within the 


noting the 
individual cells of the 


packing was obtamed by 
action in the 
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HETP - FEET 


AMETER- 


| 


VAPOR VELOCITY-PER CENT OF 


LIMITING FOR 


BUBBLE-CAP TOWER WITH L5 FOOT SPACING 


Fig. 12. Experimental Fractionating Performance at Total Reflux. 


honeycomb structure. In the course of 
these observations, pressure-drop meas- 
urements were made. Special interest 
was attached to the zone of operating 
conditions characterized by perfect dis- 
tribution as evidenced by uniform and 
active bubbling along all slopes, usually 
48 or more, and in all compartments 
Figure 9 shows the perfect distribution 
zone as a function of varying air and 
water rates. In this operating range 
positive control of distribution has been 
demonstrated by introducing water at a 
single, high velocity point source at dif 
ferent including 
Even this does not 


locations, along the 
furthermost walls 
result in channeling since perfect distri- 
bution was reestablished within dis 
tances equivalent to about one tower 
diameter. Throughout this zone repro- 
ducibility of performance should be ob 
Parameters 
for “BO°% bubbling and 60% bubbling.” 
representing bubbling on 80° and 60% 


of the slopes, respectively (two slopes 


tainable in any size tower 


per cell), are also shown in Figure 9 

All capacity ratings of the packing 
were determined on the basis of the 
“initial floodpoints.” In the 
work the initial floodpoint has been de 


present 


fined as the condition existing when the 
level of the bubbling zone has reached 
the middle of the diamond shaped open 
sections or when this level has reached 
the ridges of the top trays. 

At loadings above the initial flood 
point the distribution becomes unstable 
and channeling tendencies become pro 
gressively more noticeable Conse 
quently, loadings above the initial flood 
point line do not necessarily give repro- 
ducible or predictable per formance At 
sufficiently high loadings, the final flood- 
is reached, representing a condi- 
considerable 


which there is 


holdup on the top of the packing and 


thon m 
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appreciable entrainment occurs out ot 
the top of the tower As a result, ce 
signs should be based on loadit gs falling 
within the perfect distribution zone 
Figure 10 shows pressure-drop data for 
the air-water plotted 


system against 


vapor velocity, for parameters repre 
It will be 


noted that the initial floodpoint appears 


senting varying water rates 


to occur at a pressure drop of about 
3.5 mm. He. 


Liquid Holdup. The holdup im trac 
thonation equipment most frequently be 
comes a matter Of primary concern im 
batch and superfractionation work. In 
these instances it Is an important factor 
affecting, respectively, the sharpness of 
separations and the time to reach equili 
brium, Experimental hold-up data were 
obtained in an air-water tower using 
quick-acting valves on both the water 
inlet and water outlet. This informa 
thon ts 
Figure 11 

In the absence of literature hold-up 


summarized graphically im 


data for bubble-cap towers this has been 


estimated for purpose of permitting 


approximate comparison. Thus, for the 
representative 8-ft. diameter bubble-cap 
tray of the toluene unit the holdup has 
been estimated to be 8.26 cu.ft./tray at 
near limiting loadings. This was ap 
proximated by assuming that the vol 
umes of the downcomers as defined by 
the arithmetic mean section and the 
spacing between trays to be 50% filled 
with liquid. Similarly, the tray areas 


not occupied by downcomers were 
assumed to be carrying liquid in an 
average or efiective depth of 15 im 
consistent with a 
When 
operated in this manner the holdup on 
all 65 trays amounts to about 537 cu.ft. 
or 25,500 tb 


under conditions 


height over the weir of 0.79 in 


SYMBOL SYSTEM 
o ETHYL BENZENE ~(SOPROPYL BENZENE 
° GENZENE - TOLUENE 
a BUTANE n-PENTANE 
3 ar 
we 
. BC 150 250 
| 
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TABLE 6.~ATMOSPHERIO PRESSURE OPERATION NO. 


for bubble cap towers, ft sec! 

Per cont of limiting vapor velocity 

ort aft 


Liquid from packing 
he 
a, tb oft 


Tower operation conditions 
Top temperature 
Heottom temperature, * F 
Pre re at tep. in. 


Fractionation 
mole % 


benzene 
bennene 


wall effect, 


Observed overall 
Depth of packing, ft 
HET P for pecking, f 


I'ressure drop, Hg of packing 


System: Benzene Toluene 
27 26 


206 
0.185 


Limiting vaper velocity for bubble-cap towers with 1.5-ft. tray spacio 


As indicated later the 
tower using No. 7 Series packing would 
employ a packed section 5.5 ft. in dia 
meter and 33.5 ft. in height. Under 
comparable conditions the holdup on the 
mcking would be 74 cu. ft. or 3,530 Ib 
the holdup for No. 7 
Series packing is of an order of one- 
seventh as great as for bubble-cap trays 


equivalent 


onsequently 


fimospheric-Pressure 
While 


water system is of interest in establish 


Performan 
visual observation on the air 
ing the distribution through the packing 
it is evident that any complete test pro 
include “H.E.T.P.” 


In addition, performance data un 


gram should also 


data 


TABLE 6 


System 


Vaper te packing 
Nelowity tt. awe 
Limit. wel bubblecap towers, (t./sex 
Per cent of limiting vapor veloc ity 
ey th caft 


Liquid from packing 
he aq ft 
it aft 


Tower operating conditions 
Tep temperature 
Rettom temperature, * F 
pressure at bettom, mm ab« 
Fractionation 
Reflux comy 
Hott ous mp 
Theoretical trays 
Rebeiler 
Reflux distributor, wall effect. ot: 
Packing 


mele % ethyibenzene 


mole % ethylbenzene 


Observed overall 

Depth of packing ft 
NETP for packing ft 
Pressure drop, mm iig ‘ft of pax 
mm Hg thee tray 


Limiting vaper velocity for 


der vacuum as well as pressure condi 
tions are necessary for a more complete 
appraisal of the packing. The experi 
mental tower, illustrated in Figures 5, 6 
and 7, permitted operation under var 
ious conditions and was therefore used 
for obtaining data of this character. 
The choice of the benzene-toluene 
system for work at this pressure range 
the availability of 
plate efficiency data. Perry's “Chemical 
Handbook” (/4) reports 
$1.2 and 57% for different 
experimental towers based on Carey's 
work 
50 to 55% from their experimental work 
and 47 to 53 as calculated using the 


was encouraged by 


Engineers’ 


efficiencies 


Griswold and Stewart (&) report 


VACUUM OPERATION NO. 7 SERIES PACKING 


Ethyibenzene lsopropylbenzene 


7 SERIES PACKING 


29 
18 

146 
0.180 


3160 
49.3 


203.0 
223.5 


Geddes (5) correlation. The Drickamer 
and Bradiord (4) correlation gives 54% 
and the O'Connell (13) correlation 
gives 57%. For trays on 1.5-ft. spac- 
ing and tray efficiencies of 54% the 
“H.E.T.P.” for the bubble-cap tower 
case is 2.8 ft. 

Comparative performance of No. 7 
Series packing is indicated in Table 5 
and Figure 12. When the packed tower 
is operated at near optimum loadings 
it enjoys simultaneously a 2.9-fold ad- 
vantage in “H.E.T.P.” and a 2.1-fold 
advantage in capacity. Consequently, 
the packed tower at optimum conditions 
needs to be only one-sixth as large by 
volume in its fractionation 
the bubble-cap tower 

From the experimental curve it is 
evident that the packing performance is 
at its best near the initial floodpoint but 
it also provides a relatively wide range 
of operation. A large reduction in the 
charge rate to a tower may reduce the 
number of theoretical trays. 
However, this effect is ordinarily coun- 
teracted by the resulting higher internal 
ratio 


section as 


available 


sacrifice of 
the maxi- 
trays can 


reflux without any 
product quality. Of 
mum number of theoretical 


always be realized by adjusting reboil 


course 
rates to provide the optimum tower load- 
ing 


Operation. The low liquid 
loadings associated with vacuum opera- 


Tacuum 


tion would be expected to result in low 
liquid holdup, especially for conditions 
well below the initial floodpoint of the 
packing. In order to determine whether 
the No. 7 Series form of packing would 
satisfactorily with small 
amounts of liquid holdup, tests were un- 
dertaken using an ethylbenzene-isopro- 


operate 
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R 
ua 24 a9 28 38 
Vapor te pecking 
6.00 5.77 5.32 3.50 
3.24 3.38 3.31 3.33 
2) 185 173 161 106 
6186 0.191 0.183 0.183 0.182 
447 490 492 49.0 49.2 
197.0 2037 195.5 201.0 203.5 
AD 2248.5 230.0 229.0 223.0 224.0 221.0 
0 1.25 0 0 
71.8 72.5 66.7 702 61.5 59.8 57.8 
% 45 a6 10.0 99 10.0 119 
rin Theoretical trays 
Kebotler 1.00 1.00 1.00 1.00 1.00 100 1.00 
Reflux distributer, etc 15 0.15 o.18 621 023 027 0.36 
Packing 145 2.16 2.08 1.88 1.74 131 
4.60 3.29 3.01 2.67 
1.33 3.23 4.33 3.33 3.33 3.33 1.33 
094 0.96 154 1.60 1.77 2.54 
47 0.9 10 07 7 os 
- ~ ft. ‘nex 
ay 
— 
ian 37 33 
13.65 12.58 11.92 10.73 
5.92 5.485 5.92 5.96 
230 215 201 192 
+0565 0.0577 0.0568 0.0560 
44.1 452 48.3 
201.5 2045 5 2045.5 207.0 
218.0 2195 219.5 214.0 
178 183 183 178 
avy 462 50.4 aia 
68 as 10.7 104 
Lot Los Los 
101 1.05 1.05 119 
2.37 2.27 1.50 
5.35 442 4.42 360 
3.33 1.33 3.33 3.83 
1.00 141 1.46 2.22 
‘ 
= hing a2 3.0 2.3 150 
42 41 a4 33 
cap towers with 1.5 ft tray spacin 
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pylbenzene system. Results of these 
tests are summarized in Table 6 and 
Figure 12. 

The experimental vacuum jet proved 
capable of maintaining operating pres- 
sures as low as about 180 mm. Hg. From 
the results obtained at this pressure it is 
evident that the Wo. 7 Series packing 
has only a narrow range of operation in 
which it demonstrates superior perform- 
ance. This range falls just below the 
initial floodpoint and corresponds to in- 
creasing liquid holdup. Consequently, 
the more appropriate packing forms for 
vacuum operation provide longer in- 
clines with correspondingly greater li- 
quid loadings per incline. 

A comparative study of commercial 
vacuum operation on an ethylbenzene- 
styrene employing bubble-cap 
trays is helpful in evaluating the poten- 
tial usefulness of packing forms. The 
first column of Table 7 is representative 
of commercial operation described in 
part by Mitchell (72). The “H.E.T.P.” 
is in agreement with that reported by 
Geddes (6). 
difference between top and bottom pres- 


system 


Since there is considerable 


sures in the commercial operation the 
pressure drops and vapor loading were 
associated with arithmetic mean pres- 
sure conditions to provide an approxi- 
mate basis for comparison. 

The last column of Table 7 gives ex- 
perimental vacuum performance of No. 
7 Series packing. Data were taken from 
the experimental Run No. 33 which is 
representative of the performance near 
the middle of the preferred operating 
range 

The middle column of Table 7 adjusts, 
m an approximate manner, the commer- 
cial performance to the experimental 
operating conditions. The method em- 
ployed assumes the pressure drop to be 
largely due to the vapor loading and 
makes adjustments in terms of Equa 
tion (3), the orifice discharge 
formula normally employed in approxi 
mate liquid back-up calculations 


hyve =C ( je 


\PL 

In summarizing the vacuum work it 
appears that at a pressure of 180 mm. 
of Hg. the packing has a narrow range 
showing superior operating perform- 
ance. This is due primarily to low liquid 
holdup. The commercial and experi- 
mental “H.E.T.P.” values are about the 
same at an operating pressure of 180 
mm. Hg., but the packing is capable of 
loadings about three times as high as 
can be obtained with the bubble-cap 
towers for the same pressure drop of 
4.1 mm. Hg./theoretical tray. The No. 7 


basic 


(3) 


Series packing performance improves 
as the operating pressure and therefore 
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liquid holdup is increased. This advan- 
tage increases up to sixfold with respect 
to tower size with atmospheric operation 
representing a limiting case. On the 
basis of air-water studies the range of 
perfect distribution increases rapidly 
when once the liquid holdup is sufficient 
to effect a liquid seal on the packing. 
This liquid seal is obtained with No, 7 
Series packing at normal operating 
loadings when the operating pressure is 
somewhat higher than 180 mm. of Hg., 
or when the length of the inclines and 
therefore liquid downflow per incline is 
increased. Judging from air-water tests, 
larger cycle lengths cannot be tested 
effectively in the small section experi- 
mental tower since the serpentine path 
of the vapor tends to throw liquid 
against the tower walls, short circuiting 
the normal contacting zone. 
quently, experimental performance data 
have not been obtained on the 
appropriate types of packings 
vacuum service. 


Conse- 


more 
for 


High Pressure Operation. The ex- 
perimental high pressure performance 
obtained with the n-butane-n-pentane 
system can be compared with the fairly 
extensive data on commercial debutan 
izers and deisopentanizers reported by 
Drickamer and Bradford (4). Under 
the experimental conditions an over-all 
tray efficiency of 77% for bubble-cap 
towers would be predicted on the basis 
of their correlation. It should be ob- 
served that since the experimental oper 
ation was at total reflux it was necessary 
to substitute an average of the molal 
viscosities at the top and bottom of the 
tower for their feed stock molal average 
viscosity at the average tower temper- 
ature. For trays on 1.5-ft. spacing and 


Fig. 13 (above). 


Fig. 14 (below). 


tray efficiencies of 77% the “H.E.T.P.” 


Rolled-up Tray. 
Rolled Tray Inserted 


Through a Manway. 


for the bubble-cap tower case is 1.95 ft 


comparative 


ft. 


tray 


pressure range. 


TABLE 7.—OOMPARISON OF BUBBLE-CAP TRAYS AND NO 
PACKING IN VACUUM OPERATION 


Data 
Tower type 


Representative 
Commercial 


Diameter, ft 10 ft..0 in 
No. of trays 3a 
Tray spacing, ft 1.25 


Ethvibenzene 


System Styrene 

Pressures 

Top, mm. Hg.abs 42 

Bottom, mm.Hg.abs. 130 
Densities 

pr. 

et, tb./euft 
Loadings 

Vapor rate, Ib./(br.) (sq-ft.) 407 

Vapor velocity, ft. /see. wes 426 

Limit. vapor velocity for bubblecap towers, 

Per cent of limiting vapor velocity 526 
Pressure drop/theo. tray, mm Hg 25 
“HLE.T.P.,." ft 1.36 


Adjusted 
Commercial 
Bubble Cap 
10 io 


1.25 


Ethvibenzene 


Isopropylbenzene 


As shown in Table 8 and Figure 12, 
pertormance ol 
Series packing at optimum conditions 
shows an “H.E.T.P.” 
The corresponding loadings amount to 
134.5% of the predicted limiting vapor 
velocity for bubble-cap towers with 1.5 
spacing 


of only 1.33 ft 


The resulting maxi- 
mum advantage of the packing in tower 
size is therefore twofold in this high 


7 SERIES 


Experimental 

Run No. 83 

No. 7 Series 
Packing 


Eth vibenzene- 
Inopropylbenzene 


178 
143 


44.2" 


2610 


5.3554 
2360 


41 


2 Based on conditions corresponding to arithmetic mean operation pressure 
® Based on local conditions using temperatures and pressures reported under Run 33 
* Limiting vapor velocities for bubble-cap towers on 1.25-ft 


Ua = 0.185 
‘ ev 
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tray spacing 


No 7 


& 
_ 
Fi 
a 
5 
it 
‘ 
178 
183 
0.0577" 
74s 
5.3598 
41 


ig. 15 (above). Assembly of Packing 
Within a Tower. 


Fig. 16 (below). Installation of Fiber 
Asbestos at Tower Wall. 


As shown in Figure the 


system at high pressures tends to in- 
crease fairly rapidly as the tower load- 
ings are reduced. This results in a nar- 
rower useful operating range than was 
observed for the experimental work at 
atmospheric pressure. The sharply re 
duced surface tension 
characteristics of high pressure opera- 
tion with the n-butane-n-pentane system 
are in the direction of encouraging li- 
quid drip through the packing and there- 
fore inadequate liquid holdup at rates 
much short of flooding. In this case a 
lower porosity packing than normally 
prepared from the 3¢-in. diamond mesh 
metal lath should provide improved per 
formance. 

A different situation is presented in 
high pressure hydrocarbon 
service. As a result of the relatively 
low temperatures employed it is common 


viscosity and 


absorber 


to obtain relatively high surface tension 
and high viscosities. This fact has been 
used to account for the comparatively 
low tray efficiencies usually observed for 
The in- 
creased surface tension and higher vis- 
absorber 
tively improved performance with ordin 
ary No. 7 Series packing. This change 
in physical properties favors a relatively 
wide per tormance 
such as observed for the atmospheric 


bubble-cap absorber towers 


‘cosity in service tavor rela 


range of superior 


pressure work 


Packing Fabrication and Installation 
Methods. The metal lath is normally 
supplied in 2 ft., 3 in. by & ft., O in 
sheets. These are corrugated and assem- 
bled into layers by making overlaps of 
The seven-layer rough 
“tacked” together and trimmed 
a metal cutting saw 


1 in. to 2% in 
trays are 


with to a desired 


“HLET.P” for the n-butane-n-pentane — radius. It has been found that the cut 
rABLE HIGH PRESSURE OPERATION NO. 7 SERIES PACKING 
System Butane Pentane 
Kun 118 12 121 
Vapor te packing 
Velocity f 0 905 4 “ove 
Limit for bubble cap towers, ft. see! 76 
ent of limiting vaper velocity 117. 9 8 
sft 20 186 1° 
Liquid fror ucking 
ft 30.7 
Tower oper fittens 
T mpera ‘ 3 4 202 7 213 
my t 249 i ! 
ir re at b sq inal 155 145.5 151 151 
Fractions 
n m comy butane 128 19 198 20.¢ 
tieal tre 
! 10 ! 
hutor all effect. « Loe 1.08 1.08 1.09 1.1 
Packing t 1.79 1.89 142 114 
. ia 17 1 4 
Deoth af ‘ “a7 aT 67 
NET? aching 194 2.58 : 
Pressure mm Mg packi 21 11 ‘ 
Limiting spor f bora bed ap towers with 15 f tray spacing 
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Fig. 17. Feed Distributor for a 4-ft. 
Diameter Stripper. 


ting time per tray or section for a 4-ft. 
diameter tray is less than 30 min. 

When packing may be installed to the 
full diameter of the tower the procedure 
Figure 13 illustrates the 
facility with which a 4-ft. diameter tray 
may be formed into a diameter 
roll. Fortunately, this not 
stresses beyond the elastic limit of the 
metal lath since when the ties are re- 
leased the tray springs back to its orig- 
inal shape without distortion. Figure 14 
tray 
passed through a manhole 


is simplified. 


small 


does cause 


in the process of being 
The packing 
is supported on a grid which also serves 
to anchor bolts 
extending through the full packed sec 
Figure 15 is a view inside a tower 


shows a 


several sectional tie 
tion 
showing packing in the process of in 
stallation. The 
ment cages are used only im large dia- 


rectangular reinforce 
meter towers to help maintain appro- 
priate registry of the ridges and valleys 
of the packing 
tribute the load of workmen within the 
without 
The heavy lath or 
in the background is spliced as indicated 


These cages also dis- 


tower injury to the packing. 


creen material shown 
resembling double-ended 
this 
layer and the tower wall fiber 


using clips 


clothespins. Between surrounding 
usbestos 
is tamped into place to provide a wall 


seal as shown in Figure 16. The type 


distributor shown in Figure 17 is rela- 
tively streamlined and avoids the crea- 
tion of a local capacity bottleneck. The 


rows of holes are spaced on the basis 


it calculated liquid trajectory and pro 
vide a fairly uniform liquid loading on 
the top tray 

In relatively smaller towers packing 
may be installed as prefabricated cart- 
at the 


some cases regular 


rulges using a ring seal top ot 


each cartridge. In 


pipe sections 6 ft. long may be used for 
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the cartridge wall. If these sections are 
welded together, no other tower wall is 
necessary. 

The installation of packing is a criti- 
cal process involving exacting work and 
requiring know-how. The quality of 
this work is reflected in the resulting 
performance of the packing. In com 
parison with bubble-cap trays the instal- 
lation of packing calls for more careful 
work and control but requires about the 
same number of man-hours. 

In the installation of No. 7 Series 
packing the prospect of possible fouling 
deserves consideration. It has been 
found that fine suspended matter lacking 
in adhesive properties can pass through 
the packing under conditions that would 
promptly clog bubble-cap trays. If it 
were desired to clean a packed tower 
the packing would be removed, sand 
blasted and reinstalled. The down time 
for this operation probably would not 
exceed the time required to clean 
bubble-cap trays having spacings of less 
than 2 ft. While each case should be 
considered separately, it might be ob- 
served that no filtering or other special 
provisions have been recommended for 
the commercial installations made to 
date. 


Commercial Applications 


The initial commercial application 
was in a pipe still virgin gas oi) stripper 
employing only an 18-in. diameter 
packed section and processing up to 
1,500 bbl. /day of gas oil. An unexpected 
aspect of this installation developed 
when the pipe still was employed alter- 
nately for topping and asphalt produc- 
tion. In the asphalt operation the strip- 
per charge was dirty, consistently giving 
a product having an off-scale ASTM 
8+ color. At a recent inspection. after 
18 months of service, no fouling was 
found. 

The second installation of packing 
was employed to replace the 4-ft. dia- 
meter bubble-cap trays on 2.5-ft. spacing 
in a heavy virgin gas oil stripper at a 
thermal cracking unit. In recent years 
it has been necessary to operate this 
13.0.0 
bbl. /day of gas oil as charge stock for 


stripper to produce consistently 
the catalytic-cracking unit. Because of 
fractionation limitations of the original 
bubble-cap trays this stream had been 
deficient in quality. For example, during 
the last four months of 1947 this gas 
oil showed an average flashpoint of 
166° F. and an average “00° F. end- 
point naphtha content of 8.30. After 
installation of packing the tower ca 
pacity was increased so that while pro 
ducing 13,000 bbl./day of gas oil the 
limiting steam rate was raised from its 


former value of 1,000 Ib./hr. to a new 
value of 1.750 Ib./hr. As a result of 
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improved stripping the 400° F. end 
point naphtha content has been main- 
tained at zero and the flashpoint has 
been raised to 196° F., resulting in an 
improved charge stock ‘to the catalytic- 
cracking unit. 


Superfractionation 


It is in only recent years that exten- 
sive commercial fractionation work has 
been undertaken involving separations 
too difficult to be effected in single 
bubble-cap towers. The continuing ex- 
tension of fractionation work into this 
field encourages comparison of bubble- 
cap trays and this packing, particularly 
with respect to both practical and eco- 
nomic limits. 

In current practice difficult separa- 
tions are effected by employing two 
bubble-cap towers joined in series and 
employing a single reboiler and over- 
head system. Tower systems of this 
kind are used in the fractionation of a 
butane-butylene-butadiene mixture as 
described by Happel, Cornell, Eastman, 
Fowle, Porter and Schutte (9). In this 
work two towers, each 50-tray towers 
with 2 or 2.5 ft. tray spacing, are con- 
nected to provide the equivalent of a 
100-tray tower. Similar tower arrange- 
ments described by Birch, Docksey and 
Dove (2) were employed in the Near 
East during World War II to provide 
isohexane and isoheptane fractions trom 
straight-run gasoline. One of the earl- 
iest and most extreme examples of 
superfractionation is described by 
Arnold (7) and involved four 50-tray 
towers in series to provide the equiva- 
lent of a single 200-tray bubble-cap 
tower. 

Generally speaking, the economic 
status of superfractionation appears to 
he poorly understood. The operating 
costs with respect to utilities are far too 
low, especially im the Gulf Coast area, 
to exert a controlling influence on the 
practical limits of fractionation. Cur- 
rent practice has been limited primarily 
to two tower systems employing a total 
of usually 100 bubble-cap trays. If, for 
example, the system should have proper- 
ties resembling the benzene-toluene sys- 
tem, the would provide the 
equivalent of about 54 theoretical trays. 
Harbert (70) has found that the most 
economical 


towers 


obtained 
when the number of theoretical trays 
employed is about twice the minimum 
required at total reflux. On this basis 
the representative two-tower system is 
ippropriate, tor separations requiring 
about 27 theoretical trays at total reflux. 
Separations of this degree of difficulty 
require a ratio of boilup to fresh feed 
of an order of 7 to 1. Since this implies 
a reboiler duty of only about 1200 B.t.u. 
for each pound of fresh feed, it will be 


fractionator is 


evident that the cost of utilities can be 
nearly insignificant. This is particularly 
true along the Texas-Louisiana Gulf 
Coast where the cost of industrial fuel 
gas is frequently as low as 7 cents per 
million B.t.u.’s of heating value. 

The complexity and high equipment 
costs for the bubble-cap tower super- 
fractionator provides an interesting 
contrast with an equivalent packed 
superfractionator. If three bubble-cap 
towers of 8 ft. diameter, and each hav- 
ing 65 trays on 1.5 spacing, are em- 
ployed in series operation, they could 
be replaced with a single, packed tower 
6 ft. in diameter of the height of one 
of the bubble-cap towers. Besides re- 
sulting in improved operability this 
would eliminate outside costs such as 
pumps, provision for intermediate liquid 
retention time, interconnecting piping, 
instrumentation, etc. 

The role of superfractionation is des- 
tined to increase in importance as a 
means of providing pure hydrocarbons 
from petroleum, separating isomers and 
isotopes and increasing the purity levels 
of products under the stimulus of com- 
petitive enterprise. With the availability 
of new tools superfractionation proc- 
warrant further consideration, 
particularly since the surface in this 
field has only been scratched. 


esses 


Cost Comparison. In the construction 
of new fractionation equipment the 
alignment of materials costs shifted near 
1945 and since then it has been less 
costly to use 410 stainless steel bubble- 
cap trays than cast iron, This shift is 
reported by Bliss (3). In consistency 
with current practice, comparative costs 
are referred to 410 stainless construction 
using the costs quoted by Bliss as repre- 
sentative of the spring of 1947. The 
comparison is facilitated by considering 
a per-cubic-foot cost of the 8-ft. diameter 
toluene unit tower with 1.5-ft. spacing 
as representative of conventional equip- 
ment and comparing this with the cost 
of equivalent packing. A single 8-ft 
tray costs $750 plus $275 for tray sup- 
ports, installation costs included. This 
is equivalent to $13.60/cu.ft. of frac- 
hhonation section, 

For comparison, the No. 7 Series 
packing, after allowing 20% waste, re- 
quires 42 sq. ft. or 15 Ib. of 18-8 stain- 
less steel metal lath at $1.00/lb. ‘After 
taking into consideration the up to six- 
fold volumetric efficiency advantage of 
the packing it will be evident that pack- 
ing equivalent to one cubic foot of space 
in the conventional bubble-cap tower 
costs only $2.50 for the metal lath. The 
other costs, such as fabrication and in- 
stallation, leave a substantial margin of 
advantage for the packing. 

The comparison thus far has been 
concerned with the internal parts of the 
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towers. It will be evident that savings 
consistent with up to a sixfold reduction 
im tower size can be realized for the 
remaining items which constitute the 
principal elements of cost. These latter 
items include vessel, insulation, founda- 
tions, structural steel, freight, erection, 
etc. 

For dificult separations requiring 
two or more bubble-cap towers in series 
the same results can be had with a single 
packed tower with resultant savings in 
pumps, intermediate liquid holding facil 
ites, instrumentation, etc. 

When it comes to relieving capacity 
or tractionation bottlenecks in existing 
equipment the conventional bubble-cap 
trays frequently offer no solution short 
of building an entirely new tower. Pack 
ing may be substituted for bubble-cap 
trays im existing towers to frequently 
double capacity or increase the number 
of theoretical trays by threefold. 


Conclusions 


The No. 7 Series packing is appro- 
tractionators im 
sizes ranging from near 2 ft. to unlim 
ited diameters. Its performance and 
cost advantages,over bubble cap towers 


priate for commercial 


are greatest in the operating range from 
near atmospheric to about 75 Ib./sq.in 
abs. in fractionation service 
Relative margins of advantage dimin 
ish in fractionation service as operating 
pressures are carried above this range 
or as Operations are extended into the 
Modifications of 
the No. 7 Series packing possess some 


high vacuum range 


what greater advantages under operat 
ing conditions falling outside this opti- 
mum range 

Caretul consideration of the use of 
No. 7 Series packing is particularly 
recommended tor super tractionation, 
hatch difficult 
separations and the removal of limita- 


fractionation, absorbers, 


Hons in existing equipment 
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Notation 


fractional voids in packing, no 
units 

acceleration of gravity, ft 

(sec. (sec, 

hewht of hquid hack up due to 
pressure drop through risers 
and caps, in 


= tray spacing, ft 
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constant depending on tray 
spacing, etc., ft. /sec. 
constant independent of tray 
spacing, ft. /sec. 

liquid rate, tb./(hr.) (sq. ft.) 

surface area of packing/unit 
volume, sq.ft./cu, ft. 

limiting superficial vapor ve- 
locity for bubble-cap towers, 
ft. /sec. 

vapor velocity through risers, 
ft. /sec. 

velocity 
tower, 


superficial 
through a 
ft. /sec 


vapor 

packed 
vapor rate, Ib./(hr.) (sq.ft.) 
vapor density, lb. /cu.ft. 
liquid density, Ib. /cu.ft. 
liquid viscosity in centipoises 
a constant 
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Anonymous: Is this type of packing 
adaptable to vacuum distillation ? 


R. C. Scofield: This paper is con- 
cerned with only the No. 7 Series form 
of the packing and this was developed 
primarily for general applicatiens at 
near atmospheric pressure. Vacuum and 
also high pressure data have been in- 
cluded to show that the packing can be 
used in these ranges. Since the No. 7 
Series form of packing shows a com- 
paratively narrow range of satisfactory 
operation in the vacuum and high pres- 
sure regions it would ordinarily be pre- 
ferable to use other variations of the 
packing. Other forms which have been 
tested provide different cycle lengths, 
slopes and porosities appropriate for 
vacuum applications or for high pres- 
sure applications. 


Anonymous: Has any work been 
done on this type of packing with lower 
cross-sectional areas and for smaller 
tower diameters, say, between 12 in. and 
2 ft.? 


R. C. Scofield: An installation of 
this kind has been in service for more 
than two years and uses a 17-in. dia- 
meter packed section. The packing was 
installed in a cartridge form but a modi- 
fied type of the packing was used. 


Anonymous: How does the capacity 
of the column change with the size of 
the openings in the metal lath? Also, 
do you use a definite arrangement of 
the several layers of metal lath making 
up one tray or a section of packing ? 


R. C. Scofield: Pore size is just one 
of the many variables explored in the 
development program. For the present 
it would seem desirable to stick rather 
close to the one form of packing known 
as No, 7 In this packing a 
standard 34-in. metal lath is used and 
it has the same form as that used by 
the building trades. It is not necessary 
to bring the diamond mesh openings into 
registry or into fixed relative positions. 


Series. 


Anonymous: In the installations, 
is it necessary to arrange the sheets in 
any special order and is it necessary to 
maintain a definite spacing ? 


R. C. Scofield: Entire trays of pack- 
ing are assembled prior to installation 
step and these are ordinarily rolled up 
for insertion through manways. In in- 
stallation, the trays are superimposed sq 
that the valleys of one tray rest on the | 
ridges of the tray underneath. This 4 
method controls the tray spacing 


(Presented at Forty-second Annual 
Meeting, Pittsburgh, Pa.) 
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PART IV—NEW DATA‘ 


L. E. BROWNELL, H. S. DOMBROWSKI, and C. A. DICKEY 


University of Michigan, Ann Arbor, Michigan 


New data on flow through porous media are presented for packed beds 


covering a range from completely laminar to highly turbulent flow, and 
a porosity range from 40 to 94 per cent. Observed pressure drops are 
compared with those predicted by various correlations. The method of 
correlation presented in Part I of this series has been revised. 


INCE publication of Part I (2) of 

this series, entitled “Single Homo- 
geneous Fluids,” new data have been 
obtained which clarify some issues aris- 
ing in the discussion of this paper. 
Fluid-flow data covering a wide range 
of Reynolds numbers, from completely 
laminar to highly turbulent, and covering 
a porosity range from 40 to 94 per cent 
indicate that the original correlation 
was as accurate as any of the relation- 
ships commonly used in this field. These 
new data, however, point to a revision 
and permit the development of a modi- 
fication which is more accurate and di- 
rect in its application to the solution of 
problems involving flow through porous 
media. 


Apparatus 


Figure | is a photograph of the labor- 
atory apparatus used in obtaining data 
on the smaller-sized particles. Addi- 
tional data for the larger-sized particles 
were obtained in a similar but larger 
tower. Figure 2 represents a general 
schematic piping diagram of this equip- 
ment. 

As a check on existing data, a pre- 
liminary run was made using the smaller 
tower packed with closely sized glass 
spheres. Subsequent flow data were 
then obtained for a packing consisting 
of stamped nickel saddles having a por- 
osity of about 93 per cent. A similar 
type of packing having a slightly higher 


* Complete data of Table 2 are on file 
( Document 2827) with the American Docu- 
mentation Institute, 1719 N Street, North- 
west, Washington 6, D. C. Obtainable by 
remitting 50 cents for microfilm and 80 
cents for photoprint. 
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porosity and artificially roughened by 
surface protrusions was employed to 
study the effect of roughness. Finally, 
large-sized packings consisting of com- 
mercial clay Raschig rings and Berl sad- 
dles were investigated in the larger 
tower. Figures 3-7 are photographs of 
these particles and the properties of 
these packing materials are listed in 
Table I. 


Test Procedure. At the outset of this 
investigation it was known that porosity 


AND REVISED CORRELATION 


PRESSURE DROP THROUGH POROUS MEDIA 


is a variable of prime importance in the 
flow of fluids through porous media. In 
order to insure a constant porosity dur 
ing the test run, an initial flow was 
maintained at the maximum operating 
pressure drop to compact the bed until 
no further change in porosity was de- 
tected. The bed was not disturbed until 
all flow tests were completed. The Rey 
nolds number of the fluid was varied 
both by varying the flow rate and chang- 
ing the particular fluid in the system, 
The fluids employed in these tests in- 
cluded hot and cold water, sugar solu- 
tions of various viscosities, and SAE 
No. 60 oil. Data thus obtained are 
plotted as a modified friction factor 
versus a modified Reynolds number on 
Figures 8 and 9. 


Fig. 1. Photograph of Laboratory Apparatus. 
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Fig. 2. Schematic Diagram of Experimental Equipment 


Comparison of Data with Correla 
tions. Figures 10-12 for laminar flow 
13-15 turbulent flow, 


compare the experimental pressure drops 


and Figures tor 
with the pressure drops predicted by the 
correlations of 
(2, 4-6, 9) 


various investigators 
Figures 16 and 17 show the 
per cent deviation of these predicted 
pressure drops from the 
data given in Table 2 the laminar 
region, Ke 0.1, and the turbulent 
Ri 1000, respectively. It may 
be observed that all methods agree fairly 
data 


spheres of 41.2% 


experimental 
tor 


region 


well with the for the closely sized 


gilas llow 


ever 


porosity 


it higher porosities, the deviations 
of the predicted pressure drops from the 
observed values tend to become greater 
tor all correlations 

order to cor 
all fluid-flow 
single plot or expression, some reference 
selected \ 
arbitrarily chose the data for spherical 


is nothing absolute 


Revised Correlation. 


relate or reduce data to a 


rust tew investigators 


particles of porosity as this refer 


ence There about 


this particular reference, and, in fact 


TABLE 1 PROPERTIES OF 
Particle 
Diameter Hed 
Packing Po 
Materia ft 


caddies 


Raschig rings 


spheres 


Smooth 
nickel saddles 
Rous! 


Bickel saddles 
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beds of particles of any other shape and 
Dit 
ferent beds of identical particles having 
the porosity do not 
yield exactly the same pressure drop for 
random packing. It realized 
that each randomly packed bed is indi- 


porosity might have been selected 


same necessarily 


must be 


vidual and unique, and is incapable of 
exact duplication as a result of slight 
but significant differences in geometrical 
arrangement. Martin (7) has reported 
data tor stacked beds of spheres which 
reveal differences in pressure drops of 


as much as 5O cent for beds of 


This 


would appear to limit the accuracy with 


per 


identical porosity observation 
which any correlation could predict pres 


sure drops for flow through randomly 


packed media. F 


particular 


w this reason, selection 


ofa porous medium as a 


reference does not 


The 


appear 
the 
number 


satistactory 
tric 
relation 


beleve Fanning 


Reynolds 


ship for flow through conduits as 


authors 
tactor 

em 
ployed in Part I to be a more absolute 


and familiar reference 


Phe significance of using the pipe-plot 
tor 
apparent when fluid flow through porous 


as a reterence correlation becomes 


POROUS MEDIA PARTICLES 


Particle 
Volume 
cu.ft 


Particte 
Area 
aq ft 


Particle 
Sphericity 


Fig. 3. Photograph of Clay Berl Saddles. 

Fig. 4. Photograph of Smooth Nickel 
Saddles. 

Fig. 5. Photograph of Clay Raschig 
Rings. 

the “modified” 

Reynolds number and friction factor is 


media as described by 


compared with flow 
I his 
form ot a 


through conduits 
takes the 
variables 


correlation 
the 
“modified 


particular 
correction ot 
these terms to 
flow 


fundamental dif 


involved im 
their 
m true condurts 
the 
arise in the diameter 


basic meaning as applied to 
The 
Fanning and modified 
and 


length of path variables. In flow through 


ferences m 
terms velocity 
porous beds, the effective pore diameter 
is usually less than the particle diameter 
the Reynolds 
and friction factor and is shown 
in vector form as 2) in Figure 18. The 
the fluid through the 
considerably greater than the 
velocity. A for 
velocity is represented as a vector v wi 

a slope of 2. Finally. the length * 
path of the fluid through the bed i@ 
greater than the actual length of 
bed. This variable the 
factor only and is also represented in 
Figure 18 as / 
rection is by far the greatest in magni 


This correction enters bot! 
number 
linear velocity of 
pores 


superficial correction 


enters Iriction 
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tude, the resultant correction vector has 
a slope greater than, but approaching 
—2. 

The Brownell-Katz correlation (2) 
presented the horizontal and vertical 
components of this resultant correction 
in terms of the bed porosity raised to an 
exponent, or 1/X™ and X*, respectively. 
While this method was useful for corre- 
lating limited data, it was found that 
these exponents rise rapidly as the por 
osity approaches unity, making some 
calculations awkward and inconvenient. 
The authors have followed a simpler 
approach and have correlated the numer- 
ical value of the porosity functions di- 
rectly, without solving for the exponents. 
This correlation takes the form of plots 
of these porosity functions against por- 
osity with parameters of particle spher- 
icity. 

Values of 


these porosity 


functions 


Packing 
1. Glass 151 90.5 
spheres 52 90! 


Smooth” 
nickel 


saddles 


4 86.0 

7 66.1 

16 in 9 a6.2 
“4 70.1 

0.931 70.1 
a7 701 


3. Raschig 21 5 
rings 7 


* See footnote on 
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were obtained by superimposing the ex- 
perimental data on the pipe plot. The 
curvature of the plotted data in the tur- 
bulent region approached that of the line 
for smooth pipe better than it did the 
lines for pipes of higher roughness. 
Contrary to expectation, the curves for 
the “smooth” and “rough” nickel pack- 
ing were found to be practically iden 
tical in shape. The rough packing 
showed a lower pressure drop which can 
be attributed to the difference in por- 
osity. This observation appears to sub- 
stantiate the opinion of many investiga- 
tors that particle roughness is a minor 
variable in the flow of fluids through 
random-packed particles. Whatever the 
effect of roughness may be, probably it 
will have to be determined in a bed of 
oriented particles where this effect can 
be isolated, 


The new data make possible plots 


TABLE 2 PORTION OF 


eee ee 


ao 7 65.0 
80.7 
80.7 647 
423 
62.3 0.977 
62.3 0.977 


62.3 O.974 20.6 
“2.5 0.974 6 
62.3 oo74 3.2 
62.3 0.975 $7.1 
62.3 O974 41.0 
62.5 0.975 50 
60.5 0.377 26 
60.5 03877 
5 att 


CHEMICAL ENGINEERING PROGRESS 


ORIGINAL DATA * 


(Fig. 19 and 20) of these porosity func- 
tions against porosity with parameters 
of sphericity. Use of these plots does 
not assume any particular relationship 
between sphericity and porosity, nor any 
interdependence of porosity, sphericity 
and the Reynolds number—triction fac- 
tor plot for pipe. The only assumption 
made is that porosity and sphericity are 
each variables which influence flow 
through porous media, and that these 
variables together with those in the 
modifies] Reynolds number may be used 
to correlate the fluid-flow data on the 
Reynolds number—friction factor plot 
for flow through smooth conduits. No 
allowance is made for particle orienta- 
tion. However, owing to the nature of 
this correlation, it may be used to predict 
approximate results for stacked beds. 
The experimental data indicate that 
roughness is not a major variable and is 


Re mea 


62,300 


0 3040 
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not included im the revised correlation. 

Data which cover a wide range of 
Reynolds numbers and porosity deter- 
mine the values of the porosity functions 

Pig. 6. Phot wh of Prowates with considerable accuracy. Values of 
Nickel. these functions for the experimental data 
are single points in Figures 19 and 20. 
No data were taken in which porosity 
was varied for particles of a given 
shape, Le., constant sphericity. Several 
parameters of constant sphericity, how- 
ever, were established with the aid of 
the extensive data of Oman and Watson 
(8) in which porosity was varied. In 
constructing Figures 19 and 20 the au- 
thors’ data were used to establish the 
spacing of the lines, and the data of 
Oman and Watson were used to set the 
slopes of the parameters. Additional 
Fig. 7. Photograph of Glass Spheres. parameters of sphericity were deter- 
mined by graphically cross-plotting and 
interpolating between the parameters so 
established. 

It is not always convenient to measure 
particle sphericity. Figure 21 is a plot 
of observed values of porosity and spher- 
icity for randomly packed beds of uni- 
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Plot of Data Using Revised 
Correlation 


As a check on the accuracy of this 
method of correlation, a range of data 
&) has 
been reduced to the pipe-plot using the 
porosity functions determined from 
Figures 19 and 20. The resulting com- 
posite of fluid-flow data is shown on 
Figure 22 

A maximum deviation of +24% and 
an average deviation of +6°% from the 
curve tor smooth pipe are representative 
of the results to be expected using this 
correlation 


from various investigators (7, 3, 


Example Problem. \t is desired to predict 
the pressure drop for the flow of air through 
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WITH PARAMETERS OF SPHERICITY 


dense-packed 44¢-in. MgO granules under 
the following conditions 


1. Container 4-in. pipe 
(A = 0.0884 sq.ft.) 
Depth of bed 0.737 ft 
0.427 or 42.7% 
14.7 Ib./sq.in.abs 
\ir temperature . .80° F 
6. Air flow rate 159 tb. /he 


Porosity of bed 
Pressure, inlet 


Estimate: average density of air 
0.073 Ib. /cu-ft 

viscosity of air 0.018 cp. 

The particle sphericity is estimated from 
Figure 21 on the line for dense-packing at 
X 0.427 as & = 0.745 

The Reynolds number and friction factor 
functions as read from Figures 19 and 2 
at these values of X and y are, respectively ; 


Fe. 50, and Fy = 1700 


CHEMICAL ENGINEERING PROGRESS 


FRICTION FACTOR FUNCTION ws. 
POROSITY WITH PARAMETERS 
OF SPHERICITY 


| 


POROSITY, x 


Fig. 21. 


icity, 4. From Porosity, X. 
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p = density of fluid, Ib 


sphericity, 


cu.ft. 
ratio ot 
sphere 


particle 
surface area of a 

having the same volume as 

the particle to surface area 


of particle 


Acknowledgment 


This work was made possible by a 
faculty research grant, Number M 653 
Kameo Sugino assisted materially in the 
collection of data and calculations. 


Literature Cited 


Blake, F. C., Trens. Am 

14, 415 (1922 

Brownell, L. E., and Katz, D. 
Chem Progress, 


Inst. Chem 


nors 
Eng 


P.. and Plummer, W 
Eng. Chem., 20, 1196 (1928) 
P. C, Trans. Inst. Chem 
(London), 15, 150 (1937) 
Tr. H., and Colburn, A. P., 


hem. Engrs., 26, 
ig. Progress, 43,4 


\.. Ph.D. Thesis (Unpub 
, Carnegie Inst. Tech 
O., and Watson, 
os, 36, 44 R 


Proc. Inst. Mech 


, 183, 141 (1945) 


( Londos 


August, 1950 


0 
| 
ae 
| 
4 
j 
= 
_ 
10 10 105 0 
d 
7 
“ 
ju 
= j di 
F, 
i 
1/12) 
or 
l 
Calculation is 7.3% low I L. 
$37 
A: s-sectional area of 
ft (1/X*) CF 5. Chiltor 
particle umeter, tt 6. Leva, M., Chem. Fr 
friction factor, dimensionless 549 (194 
ap ugh conduit. s lished 
2aDal 2aD,al condu u lishes 
of fluid Oman. A 
tt 
1944) 
‘ 


EROSOLS are disperse systems of 
liquid or solid particles suspended 
in a gas. They may result from either 
dispersion or condensation processes 
Particles of aerosols formed by disper- 
sion processes, as for example by dry 
grinding, are usually larger than about 
5 to 10a in diameter. Aerosols formed 
by dispersion are called dusts if formed 
by dispersing solids and sprays if formed 
by dispersing liquids. This type of 
aerosol ts fairly easy to collect because 
of the relatively high settling rates of 
particles greater than 5 to 10, in dia- 
meter (about 0.5 cm./sec. for a 104 D 
spherical particle of density 2 g./cc 
settling in air and 0.16 cm./sec. for a 5p 
particle). On the other hand, aerosols 
formed by condensation, called fumes if 
composed of solid particles or mists if 
composed of liquid particles, are less 
than about 5 to 10m in diameter and are 
extremely difficult to collect unless first 
agglomerated by one means or another 
(The settling rate in air of a lw D 
spherical particle of density 2 g./cc. is 
0.006 cm. /sec. ) 

It is not possible, of course, to draw 
a sharp line of demarcation between 
aerosols formed by dispersion processes 
and those formed by condensation proc 
esses. Aerosols of either type may con 
tain a wide range of particle or ag- 
Condensation aerosols 
called 
as for example, the carbon 
formed hydrocarbon 
burns with limited air supply 


glomerate sizes 
composed of solids are also 
“smokes,” 
smoke when a 
“Fog” is 
another term for liquid aerosols formed 
by condensation. Natural water fog, and 
artificial water fog formed when solid 
carbon dioxide is dropped in 


water 


warm 
are examples 

Numerous review articles are avail- 
able on aerosol behavior in 
(9, 10, 23) 


general 


Importance of Carbon Black Aerosol 
Collection of car- 
whether in the form 


Collection Problem 
bon black smoke 
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of furnace, channel, lamp or thermal 
black, is perhaps the most important 
single case in industry in which a fume 
or smoke is deliberately made and col 
lected as product. The total United 
States production of all types of pigment 
and filler grade carbon black is more 
than 600,000 tons yearly. Nearly every 
type of fume-collection equipment yet 
devised has been used or seriously pro 
posed for use in collecting carbon black 
Channel black, like the black made from 
vegetable oils by the ancient Chinese, is 
collected by thermal precipitation on 
cooled surfaces, in this case the steel 
channels from which the process gets its 
name. Lampblack is collected in gravity 
settling chambers, and in some plants the 
residual smoke is scrubbed with water in 
a baffled spray tower (22) to recover 
additional quantities of black. Thermal 
black is collected in bag filters when it 
is made as a primary product and in 
water-filled traps and baffied spray tow- 
ers when it is made as a by-product of 
oil-gas or hydrogen manufacture. Fur- 
nace black is agglomerated in Cottrell 
electrostatic precipitators and the ag 
gflomerates are collected in cyclones of 
conventional design 

It is in the furnace black industry that 
the most growth and technological pro- 
gress are taking place today. Furnace 
black accounts for nearly hali the total 
carbon black produced in the United 
States. Recently new grades of highly 
reinforcing furnace black have been de 
veloped that can replace channel black 
from both the quality and the economic 
The United States produces 
about 90° of the world’s supply of car 
bon black. There is little doubt that the 
furnace process will supplant eventually 
the channel process for producing all! 
except certain special high-priced pig 
ment carbons. This paper is concerned 
with the application of a new method of 
aerosol agglomeration to the turnace 
carbon black process. 


standpoint 
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Description of Carbon Black Aero- 
sols. As initially formed in the partial 
combustion flame of the channel, fur 
nace, or lampblack processes, or in the 
thermally cracked gas envelope of the 
thermal black process, carbon black con 
sists of “primary” particles * varying in 
number average diameter 
0.005 to O5p. For a given type and 
grade of black the distribution of sizes 
about the mean is fairly narrow, Le., 
about 909% of the particles of any given 
grade of black will lie within a 10-fold 
range of diameter. Furnace blacks range 
in mean diameter from about 0.03 to 
O.07 


from about 


Figure 1 shows an electron mi 
croscope picture Of semiremtorcing tur- 
nace black before agglomeration by the 
Cottrell. Figure 2 shows the same black 
after passing through the Cottrell. The 
average primary particle size for this 
grade of black is about 0.074. The tend 
ency of the primary particles to form 
chain-like aggregates is strikingly shown 
by these pictures, which were made by 
catching carbon black smoke from a 
commercial unit directly on the resin- 
coated 2-mm. D 200-mesh screen used 
in electron microscope technique to hold 
the specimen. As far as is known, this 
has never been done before; all prev 
iously published pictures were made by 
redispersing collected carbon black by 
the dry sparking or the lacquer-grinding 
technique. Interesting as these pictures 
are, it is evident that the magnification 
is too great to give an over-all measure 
of agglomerate size distribution 

Soon after formation of carbon black 
nuclei and growth of these nuclei to 
form the primary particles, or concur 
rently with the formation of primary 


particles, the primary particles form 


* The primary particle is defined by the 
smallest particle that can be resolved by the 
electron microscope. The primary particle 
appears to be spherical in shape when 
viewed by the electron microscope. Primary 
particles are always more or less clustered 
together giving rise to such descriptive 
terms as “structure units” and “chain-like” 
aggregates 
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agglomerates,* ranging in size up to well 

above 10g. The left-hand panel in Fig- 

ure 3a, b, c shows photomicrographs of 

these agglomerates for several grades of 

furnace ‘black. Agglomerates consider- 

ably larger than 5-104 may be formed 

when there is a sufficiently high initial 

concentration of primary carbon par- 

ticles. Such large agglomerates are 

visible in the left-hand panel of Figure 

3a. Quantitative data on the size dis- 

tribution of agglomerates in carbon 

black smoke have not been published as 

far as is known. No good method of 

© obtaining such data has been developed 

Fig. 1. Semireinforcing Furnace Black Before Cottrell Agglomeration (12,500 X). “!though there is considerable work un- 

der way on this type of sampling prob- 

lem now (13, 20, 30). The agglomerate 

pictures shown in Figure 3 were made 

using samples caught on glass slides by 

quickly passing the slides through the 

smoke from commercial carbon black 
units 


In addition to a variable number of 
large (5 to 10g or more in diameter) 
agglomerates, there are many small ag 
glomerates in a carbon black smoke that 
has not been subjected to some external 
agglomerating force. These small ag 
glomerates, which are a large number 
fraction of the total agglomerates, are 
less than about 5-10 in diameter so that 
they settle very slowly and cannot be 

collected at high efficiency in cyclones 
ig. 2. Semireinforcing Furnace Black After Cottrell Agglomeration (12,500 X). ‘he weight fraction of agglomerates 
less than 5 in diameter seems to be a 
Fig. 3. function of the total concentration of 
carbon black rather than a function of 
primary particle size of the black. It is 
the agglomerates below 5-10 in dia- 
meter that present collection difficulties 
(See Fig. 3.) 

The range of effective agglomerate 
size is determined by inference from the 
fact that, in most cases, carbon black 
smokes settle only slowly unless agglom 
erated by a superimposed force, such as 
prevails in electrostatic precipitation, 


and from the fact that the agglomerates 
in carbon black smokes which have not 


, been subjected to superimposed ag 
ree 
ave glomeration forces are visible in the 


ordinary light microscope These two 
facts indicate that a large portion of the 
smoke consists of agglomerates in the 
range of 0.3 to about 5-10u. When a 
carbon black is forfned under conditions 
that produce a high concentration of 
carbon particles in the smoke, particles 
may agglomerate rapidly enough to 
allow practical collection im = gravity 
settling chambers. This is the case with 
lampblack made from creosote oil; the , 
carbon black is formed just above the 


* The problem of determining what is a 
true agglomerate formed by chance col 
lision of particles and agglomerates already 
formed and what is a structural or chain 
like agglomerate formed integrally as a 

Photomicrographs Showing Agglomerating Effect of Cottrell part of the carbon black primary particle 
Precipitators and Cyclones on Various Carbon Black Grades. growth process is unsolved 
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surface of the vaporizing oil before the 
vapor is admixed to any great degree 
with the combustion air. Some small 
agglomerates of lampblack escape or are 
collected by secondary means but they 
are a minor weight fraction of the total 
black produced in this case 


Methods of Agglomerating and Col- 
lecting Aerosols Aerosols formed by 
condensation processes usually must be 
agglomerated before the dispersed ma- 
terial, whether liquid or solid, can be 
separated out in a practical way. On the 
other hand, the coarser particles of aero- 
sols formed by dispersion processes can 
usually 
agglomeration step 


be collected without a special 
Devices for recov- 
ering the dispersed particles of aerosols 
may be divided into two groups accord- 


ing to their principal function 


Agglomerating 
a. Electrostatic 


b. 


precipitators 


agglomerators 


Collecting and agglomerating 
Gravity settling chambers 
(1). Without contact surface 
(2). With contact surface 


Inertial separators, dry or wet 

(1). Centrifugal type 

(2). Impingement type 

Barrier devices (filters) 

rhermal precipitators 

Interphase transfer devices (scrub- 
bers using liquids as collection 
medium 


These devices having agglomeration as 
a principal function are usually followed 
by devices having collection as a prin 
cipal function, although this is often un- 
necessary in case of electrostatic precipi 
tators when operating on high specific 
gravity solid aerosols or on liquid aero- 
that collect on the electrodes or 
agglomerate in the space between elec 


sols 


trodes and fall into the hopper without 
being reentrained in the gas stream 
Also in the ot extremely dilute 
aerosols, an electrostatic precipitator 
function primarily as a collection 
device. In such a case the particles of 
the aerosol are moved, with little chance 


Case 


may 


of agglomeration because of the large 
spacing between particles, to the dis- 
charge electrode where they adhere to a 
An example 
is the Precipitron used to remove dust 
trom air in air conditioning installa- 
It is worth noting that in all of 
the aerosol-collec tion devices agglomer- 
ation (cohesion) and adhesion play an 
important part in the proper functioning 
of the apparatus. For example, a bag 
filter collect fairly dilute carbon 
black smoke even though the agglomer- 
ates are much smaller than the pores in 
the filter cloth. The carbon agglomer- 
ates adhere to the fibers and then other 
carbon agglomerates cohere to the car- 


dry- or wet-collector plate 


thons 


will 
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bon adhering to the fiber. In this way 
a filter cake of carbon is built up that 
is impermeable to even the smallest car- 
bon agglomerate. If the carbon black 
smoke is too dilute, the carbon pene- 
trates the fabric to such an extent that 
it not only plugs it completely but also 
destroys its flexibility to a large degree. 

There are many practical reasons why 
furnace black should be ag- 
glomerated before an attempt is made 
to collect them. Suffice it to say here 
that furnace black collection is a two- 
step process : agglomeration followed by 
collection.* 


aerosols 


In view of this statement it may be 
somewhat puzzling that thermal blacks 
are collected in bag filters 
is that thermal blacks are produced in a 
cyclical process and are collected in an 
atmosphere containing 80° or higher 
concentratiqn of. hydrogen. Farther 
more, the pigment and filler grade 
thermal blacks (as contrasted with by- 
product grades) are 


The answer 


much more eco- 
nomical to handle when collected dry. A 
bag filter is about the only practical de- 
vice yet developed that will meet all the 
above-mentioned conditions 

The electrical precipitator (Cottrell) 
functions well to agglomerate furnace 
blacks and is used today in all furnace 
black plants. However, it is a high first 
apparatus and suffers somewhat 
from lack of flexibility when switching 
from one grade of furnace black to an 
other and/or to different flow rates. It 
must be shut down for frequent cleaning 
of the electrical system and is sensitive 
to electric surges due to lightning storms 
or other causes. Power consumption for 
energizing the electrodes and for pump- 


cost 


* However, in at least one case a unit is 
being built to both agglomerate and collect 
carbon black in an electrostatic precipitator 
Collection efficiencies of 96% 2 2% at an 
inlet grain loading of 2.2 gr./cu.ft. are con 


fidently expected by the builder (18) 
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ing gas through the precipitator is low. 
Cost of the cyclones used in conjunction 
with 
tively low compared with the cost of the 
precipitator and auxiliaries 

Because of the growing 
of furnace black, the increasing difficulty 
of collecting finer 
due to the low total black concentration 
in these cases, and the great increase 
and equipment 
with a corresponding increase in natural 


electrostatic precipitators is rela- 


importance 


particle-size blacks 


in construction costs 
gas value, it is only logical that some 
effort would be made to develop ag 
glomeration apparatus of lower first cost 
and of equivalent or superior perform 
ance compared with the electrostatic 
precipitator 

This paper presents the results of the 
first (as tar as is known) fairly large 

using actual 
with 


scale experimentation 


commercial conditions sonic en 


ergy as a means of agglomerating an 
aerosol, which in this case was so-called 
“fine black 
proneering nature ot 
questions were leit unanswered 


turnace Because of the 
many 


How 


ever, many have been partially answered 


the work, 


by subsequent commercial-scale tests on 
concluded 
as a result of the experiments described 


other aerosols. It has been 
here and subsequent commercial tests 
that the step im applying 
agglomeration to furnace black, 


next SOTHC 
nught 
well be a full commercial-scale unit in 
volving a gas flow of 30,000 cu.ft. /min 
or higher, Data on sonic agglomeratian 
presented later in this paper represent 
some of the first development work done 
by the Ultrasonic Corp. and should not 
be taken as 
state of the art, since considerable cc 


indicative of the present 
velopment has taken place since. 


Sonic Agglomeration 


Apparatus For Generating Sound in 
Gaseous Media. Three types of appa- 
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Fig. 5. Cutaway View of the Ultrasonic 


ratus used sound im a 


gas 


fo generate 


Piston 
Valve 


(sas current 


(siren) 
(whistle) 


Various types of sound generators have 
been Sollner The 
yiston type includes crystals that vibrate 
the 
triction 


levices, 


reviewed by (29) 


piezoelectric magneto 


devices ind electromagnet 


Other 
vibrating a 


methods of actuating a 
mston 
for 


may be visualized 


a purely mechanical system 
diaphragm 
It is sufficient to say 


piston of 


here that as yet no one has developed 
a@ piston device practical for generation 
Of high intensity sound on large scale 
Clair 


magnetic device on a fairly large labora 


in gases. St (24) used an electro 


tory scale im studies on agglomeration of 


MaX RAREFACTION 
CONDENSATION 
a A 


Corp.'s U-2 Siren-type Sound Generator. 


smokes 
\ satisfactory piston-type sound gen- 
use in 
present an 


ammonium chloride and other 


erator for commercial gaseous 


systems would advantage 
over the valve type in that there would 
be no dilution of the gas being treated 
the 


In valve-type 


when using piston-type generator. 


sound generators, a 
flowing gas stream is interrupted at a 
high frequency by a suitable valve ar- 
rangement. The simplest case would be 
that of a tube (See Fig. 4) 


ur discharge is interrupted at regular 


where the 


frequency by a slide valve. In order to 
a siren design is 
which there 


are stator holes and rotor holes 


get high 


employed commercially in 


frequencies 


At a given speed of revolution (rev 
the the 
given by 


sec.), frequency of sound is 


V rev. /sec.) 


— — 


| AMPLITUDE OF MOTION 
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at 


L CLOSED ENO CYLINDER 
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i 
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Fig. 6. Sound Effect in Resonant System. 
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The valve-type sound generator always 
involves dilution of the gas being treated 
by the gas passing through the valves 
of the generator. Use of separating dia- 
phragms between the sound source and 
acoustic chamber is not yet practical on 
a large scale 

In practice, a siren-type generator is 
driven by a variable speed electric motor 
or a turbine. This type of generator can 
be driven by the rotor gas supply if the 
rotor and stator are designed properly. 
However, an drive is needed 
for good control. The principal power 
input is the power required to compress 
The rotor gas supply is 
at pressures up to about 5 or 6 Ib 
gage 
giving higher intensities of sound, but 
with existing siren-generator designs, 
above 5 or 6 Ib gage, a small 
gain in sound intensity is at the expense 
At con- 
stant speed and rotor pressure, the total 
sound energy output is proportional to 
the total area of the rotor ports. Figure 
of the Ultra- 
sound 


external 


the rotor gas 
§q.in. 
Higher pressures may be used, 


sq.in 


ot a large decrease in efficiency 


5 shows a cut-away 
U.2 


for 


view 
sonic siren-type 


the work 


generator 


used described in this 
paper 

The problems of design and operation 
of siren-type generators are similar to 
those encountered in high-speed turbine 
design and operation. Hence it may be 
concluded that 


easily be made practical commercial de- 


such generators can 
out by 
least 


vices, a conclusion now borne 


commercial-scale operation in at 
two cases (27) 

sound 
the 


These devices have not 


Gas current or whistle-type 


have been described m 


(11) 


been developed to high enough efficiency 


generators 
literature 


to be of practical importance in commer- 
An organ pipe 
is an example of a low intensity whistle- 
type 


cial sonic agglomeration 


sound generator 


sols 


E 


Agglomeration of aerosols by sound en- 


ts of Sound Energy on Aer 


ergy has been studied more thoroughly 
with a view toward practical use than 
any other action of sound waves on col- 
loidal systems. The state of knowledge 
up to 1944 has been well summed up by 
Sollner (28 

Numerous attempts have made to 
apply sonic coagulation methods to the pre 
cipitation of industrial fogs and smokes 
coagulation occurs readily in stream 
large 
statement 


been 


Since 
neg 
volumes 


Is it is possible to handle 


however, no definite 
can be made at present as to whether or 
not coagulation may be developed 
into an industrial method; the chances that 
this may be seem to be rather 
good 


actos 


sor 


achieved 


Up until 1946, when Horsley and asso- 
Ultrasonic Corp. developed 
high output siren, no practical 


cites of 
their 
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device was available for generating high 
intensity sound in gases on large scale 
so that prior to 1946 laboratory findings 
on sonic agglomeration could not be fol- 
lowed up by pilot plant or commercial- 
scale tests. 

The theory of the agglomerating ef- 
fect of sound is qualitatively well de- 
veloped but quantitative calculations of 
agglomerating effect under commercial 
It has 
not been definitely established which of 
the several mechanisms of agglomera- 
tion 1s most important under a given set 
of circumstances 


conditions cannot yet be made 


Figure 6 shows an idealized system in 
which the gas in a closed-end sound cham- 
ber is in resonant vibration with a source 
of sound waves, in this case a vibrating 
piston-type sound generator. The length of 
the chamber is related, at resonance, to the 
wave length of the sound by 

nh 

where 1 is the chamber length, 4 is the 
wave length of the sound, and » is any 
odd integer. The top line of Figure 6 
shows schematically the condensation and 
rarefaction of the gas at any instant, and 
the bottom line shows (the curve designated 
by crosses) the corresponding instantaneous 
pressure as a function of length. The points 
of maximum condensation and rarefaction 
will be reversed each cycle, but the ports 
at which the pressure curve crosses the 
reference axis remain the same. The gas 
velocity and displacement curves are m 
phase with each other and are a quarter- 
wave length out of phase with the pressure 
curve. The points where the curves cross 
the neutral axis are called nodes; the 
maxima of the curves are called antinodes 
or loops 

At a given frequency of rapping, the en 
ergy input to the chamber remaims constant 
if the amplitude of the piston is constant 
At a given frequency, if the rapping ts 
made more vigorous, the amplitude of the 
piston increases and the energy input to the 
chamber increases as the square of the 
amplitude. The energy input at constant 
amplitude increases as the square of the 
irequency 

It is clear that in the resonant system 
described there must be sound energy losses 
equal to the energy input at the piston or 
the amplitude of the piston would increase 
each time the sound wave reflected from 
the end of the chamber back to the piston 
In practice there are at least four ways in 
which the sound energy will be dissipated 


1. Absorption at the wall and transmis 
sion through the wall 
Damping due to viscous (frictional) 
effects in the gas 
Losses through openings (in case of 
flow systems) 
Absorption of energy in causing the 
aerosol particles to move (ultimately 
appears as a frictional effect in the 
gas) 


Each time a sound wave strikes a rigid 
wall of smooth material (surface discontin 
uities small compared with the wave 
length), the energy of the reflected wave is 
about 99% of the energy of the incident 
wave, a loss on the order of 1% (effect 1) 
About 10% of this effect can be accounted 
for as needed to accelerate the molecules of 
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Fig. 7. Successive States of Agglomer- 
ation of NH.Cl Smoke in St. Clair’s 
Apparatus (27 


the wall construction material and about 
90% cannot be explained readily. Since 
this loss occurs each time the wave strikes 
the wall, the total loss by this mechanism 
can be appreciable. The second effect is 
small at low frequencies (on order of 
1000- 10,000 cycles /sec.) with low molecular 
weight gases at ordinary pressures and tem 
peratures. Effects 1 and 3 are the major 
effects in practical commercial systems, 1e., 
flow systems. It may be possible to reduce 
effect 3 by installing acoustic filters of suit 
able design. Effect 4 is the useful effect 
and is believed to be of appreciable mag- 
nitude, although no one has succeeded im 
measuring it with high precision 

The intensity of sound energy is meas- 
ured by 


energy 


(unit tome) (unit area) 


in the direction perpendicular to the travel 
of the wave A common unit of intensity 
is Watts /sq.cm. or 


ergs 10" 
( sec.) (sq.cm.) 
The decibel notation is also used to desig- 
nate intensity. The number of decibels be 
tween two intensity levels is 10 times the 
log of the intensity ratio 


\ 10 log ] 


where N is the decibel rating correspond- 
ing to the intensity /,. On this scale, the 
faintest sound of frequency 1000 cycles/sec 
discernible by the normal human ear cor- 
responds to an absolute energy intensity of 
10°” watts /sq.cm. and to a pressure effect 
of 0.0002 dynes/sq.cm. Thus for an inten- 
sity of 160 decibels, the absolute mtensity 
ms 


\ 


1 watt/sq.cm 
Another term of significance in acoustic 


systems is the energy density, usually ex- 
pressed in ergs/cu.cm 


Brandt, Freund and Hiedemann (5, 
12) have studied by means of high 
speed microphotography the motion of 
aerosol particles in a sound field and 
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others 


have published microphotographs of the 
aerosol before and after agglomeration. 
These same authors (1-4, 6, 8) and 
(15-16, 17, 19, 37) have dis- 
cussed the movement of suspended par- 
ticles in a sound field and have developed 
mathematical relationships to describe 
particle motion. 

Recently St. Clair (25, 26, 27) has 
published the results of a series of ex- 
periments on sonic agglomeration of 
ammonium chloride smokes. He shows 
by photographic evidence (Fig. 7) that 
the agglomerated aerosol collects in re- 
gions spaced 44 wave length apart, cor- 
responding to nodes or antinodes, and 
concludes that the radiation-pressure 
effect is of controlling importance in 
causing agglomeration 

It is recognized that at least three 
mechanisms are operative in causing 
agglomeration of an aerosol in a sound 
field : 


1. Covibration of particles in the vibrate 
ing gas as a result of the drag between 
particles and dispersion medium. Thig 
causes an imcreased rate of particle 
collision 
The Bernoulli effect due to the con- 
striction or expansion of the disper- 
sion medium as it moves rapidly back 
and forth between or parallel to 
closely spaced particles 
The radiation pressure effect arising 
because of difference in momentum ot 
the dispersion medium on opposite 
sides of the particle 


In a carbon black aerosol during and 
immediately after formation, the par- 
ticles are subject to Brownian motion,® 
which brings about a rapid rate of col 
lision particles until the 
agglomerates so formed either becomes 
too large to be affected by the impacts 
of the molecules of dispersion medium 
or become too far apart for frequent 


between 


collision. When this stage is reached) 
the aerosol is relatively stable and will 

settle only slowly under the influence of 
gravity. Channel black smoke, for ex- 

ample, will remain suspended on the 

horizon for days at a time when there 

is little turbulence in the air below a 

few thousand feet above the ground. The 

particles of a stable aerosol may be pro- 

tected from agglomeration by a repul- 

sion effect if all particles bear electric 

charges of the same sign. The particles 

or the agglomerates are surrounded by 

a stagnant layer of gas that may tend 

to reduce the number or the effectiveness 

of the collisions between particles and 

agglomerates. The adsorption of gas in 

a thin layer on the surface of the par- 

ticles is thought to make agglomeration 

more difficult 


* This effect is greatly enhanced by the 
high temperature of the furnace process, 
which increases greatly the kinetic energy 
of the dispersion medium molecules 
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If a stable aerosol is passed through 
a sound held of high intensity, the aero 
sol particles are moved back and forth 
at the frequency of the sound and at a 
velocity size of the 
urticle but always less than the velocity 
f motion of the dispersion medium 


varying with the 


This is mechanism 1 just described.) 
he largest particles move little because 
{ their high ratio of mass to drag; the 
miallest almost at the 
clocity of the dispersion medium. The 
igher the intensity of the sound the 
reater the 


particles move 


rate of acceleration of the 


articles amd hence the greater the en 


PRIMARY SECONDARY 
CYCLONE CYCLONE 


8. Flow Diagram for Sonic Agglomeration Experiments. 


ergy of the impact between particles 
For of particle there is an 
optimum frequency of sound, at a given 
sound intensity, that will produce the 
greatest degree of motion of the particle 
However, because of the broad size dis 


each size 


tribution of particles and agglomerates, 
the range of optimum frequency may be 
rather broad. It is quite probable that 
this motion effect is of controlling im 
portance in the agglomeration of carbon 
black aerosols when subjected to a sound 
field for only a as would 
prac 
It does not seem likely 


few seconds 
be the case in any commercially 
tical apparatus 


Fig. 9. Pilot Plant Sonic Agglomeration Apparatus. 
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that the radiation-pressure effect would 
be the major cause of agglomeration 
when the contact time is low (less than 
2 or 3 sec.). 

The Bernoulli effect is of importance 
only when particles are quite close to- 
gether. When the line of centers of the 
particles is at right angles to the sound 
field, the particles are attracted. When 
the particles are arranged with their line 
of centers parallel to the sound field, the 
particles are repelled. 

The pressure in a sound 
field may be measured by suitable deli- 
cate instruments. Its magnitude may 
also be calculated (14). Radiation pres 
sure is demonstrated by the fact that a 
standing wave sound field in a gaseous 
medium will support objects of consid 
erable size, e.g., a ping-pong ball or a 
fifty-cent piece. 


radiation 


Description of Apparatus and Procedure 
Laboratory Apparatus. The 
periments were made in a 
jar into which sound was 
through a stretched rubber 
about 1 mil thickness 
which held about one-half cubic foot of 
smoke, was flushed with carbon black 
smoke until all the original air was dis- 
placed. The inlet and outlet were then 
closed and sound directed against the dia 
phragm Agglomeration was followed 
qualitatively by changes in intensity of 
transmitted light measured with a photocell 
All measurements were relative as no cali- 
bration of light transmission vs. agglomer 
ate size could be made. Studies of light 
transmission vs. time were made for carbon 
black smoke without sound and with sound 
of varying trequencies and intensities No 
continuous flow experiments were made 
From the start the laboratory experi 
ments were beset by all manner of diffi 
culties. The principal difficulty was that of 
carbon black precipitating on the walls of 
the glass jar, which interfered with the 
light transmission readings. This difficulty 
can be overcome in a flow system by suit 
able means but in a batch system it can 
only be minimized, not eliminated, by keep 
ing the smoke temperature the same as the 
temperature of the glass, thus avoiding the 
thermal-precipitation effect 
The carbon black smoke was made by 
burning natural gas; to avoid condensation 
ot water vapor on the chamber walls, the 
smoke was passed through a Dry-Ice trap 
to remove water vapor. This meant that 
there probably was a fog of water droplets 
mixed with the carbon black part les mak- 
ing agglomeration of the carbon black 
easier.* Hence the laboratory experiments 
did not closely duplicate expected commer - 
cial conditions. The rubber diaphragm 
made experiments at temperatures above 
the smoke dew point impossible even if 
wall condensation could have been avoided 
Sound intensity was measured in the 
empty chamber using a microphone devicc 
of conventional construction 
of this measurement is low 


first ex 
Pyrex glass 
transmitted 
diaphragm 
This jar, 


The precision 
It is interesting 


* Experiments on agglomeration of arti- 
feial water fog showed that fog agglomer 
ated more readily than carbon black smoke 


under comparable conditions. Theory indi- 
cates that water fog mixed with the smoke 
would greatly assist the agglomeration of 
the latter 
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to note that a microphone makes use of the 
piezoelectric effect to measure sound in- 
tensity, and it will be recalled that the 
piezoelectric effect can serve also as a 
source of sound, ¢.g., quartz crystal sonic 
generators 

Sound was generated by an Ultrasonic 
Corp. U-1 siren-type generator driven by 
compressed air. This model of generator is 
now obsolete 

It was concluded that the laboratory ex- 
periments were of little value in judging 
the practicability of commercial sonic ag 
glomeration of carbon black, although the 
laboratory experiments did demonstrate the 
pronounced agglomerating effect of sound 
at the 150-db. level. Hence it was decided 
to go to pilot plant scale im turther ex 
perime ntation 


Pilot Plant Apparatus. For pilot plant 
work a sonic agglomerating system was in- 
stalled in parallel with a Research Corp 
electrostatic precipitator (Cottrell) in an 
existing furnace black pilot plant (See 
Figs. § and 9). Figure 10 shows a com 
mercial Cottrell cyclone system of 50,000 
cu.ft./min. rated capacity, The similarity 
of pilot plant and commercial apparatus ts 
evident. The rated capacity of the pilot 
plant Cottrell-cyclone system is 3500 cu.ft 
min. at flow conditions, although this rated 
capacity has little significance it must 
necessarily be based on some arbitrary de 
gree of collection of a certain type of black 
at a specified range of inlet grain loadings.* 

Since the smoke passed in series through 
the sound chamber and the Cottrell, it was 
possible to test one or the other or the 
two in series for agglomerating the smoke 
produced under any given set of furnace 
conditions 

Fine furnace blacks were produced in the 
furnace using commercial burners and 
commercial fuel-air ratios so that the smoke 
produced was accurately representative ot 
commercial conditions. The primary par 
ticle size and grain loading of the carbon 
black smoke could be varied more or less 
independently over a rather limited range 
by varying the degree of oil enrichment of 
the natural gas serving as the primary fuel 
The smoke temperature could be adjusted 
by water sprays in the cooling tower down 
to about 100° F. above the dew point. Lower 
temperatures caused condensation difficul 
ties in the agglomeration and collection 
system. The rate of smoke delivery to the 
sound chamber was about 1000-1200 cu.ft 
min. at chamber conditions 

The sound generator was the Ultrasonic 
Corp. type U-2 driven by a turbine pow 
ered with high pressure natural gas. Na 
tural was used as the rotor fluid im 
amounts averaging about 1000 cu ft./mm 
measured at 147 tb./sq.in.abs. anid 60° F 
Thus the dilution of the smoke by the rotor 
gas was about | to |, which presented a 
serious disadvantage to obtaining data truly 
represemative of expected large scale com 
(volume flow rates of 
min. at 450° F. and at 
pressure are common on com- 
mercial scale) The smoke entered the 
sound chamber near the top and left near 
the bottom The sound was 
mounted at the top of the chamber. Figure 
ll is a drawine to scale, except for height 
of the sound chamber. Little b'ack collected 
in the sound chamber. Most of the ag- 


since 


Was 


mercial conditions 
20,000.65, 000 ou ft 
mospheri 


generator 


* This particular Cottrell-cyclone system 


is rated to collect 90% or more of 
reinforcing furnace black at a flow of 3500 
cu.ft./min. (450° F. 1 atm.) The inlet 
grain loading for this type of black is ap 
proximately § gr./cu.it. at flow conditions 


se 
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Fig. 10. Commercial Furnace Black Plant with Cottrell-cyclone Collection System. 


glomerated black was swept along with the 
gas stream and collected in the two cy 
clones. It was interesting to observe that 
no carbon collected on the walls of the 
chamber as would be expected. Apparently 
the vibration kept the surface clean. Grain 
loading tests by the Research Corp. method 
were made at agglomerator inlet and stack 
outlet on most runs. The total black col 
lected in sound chamber, precipitator and 
cyclones was accurately weighed on cach 
run. Collection efficiency could be calcu- 
lated either from the stack loss or from the 
difference between the known carbon input 
to the agglomerator and the black collected 
For a given set of furnace conditions the 
carbon yield was accurately known from 
previous experiments. The flows of natural 
gas, air, and oil to the furnace were meas- 
ured, the gas and air on recording meters 


and the oil by gaging tanks. The water 
vapor content of the smoke stream entering 
the agglomerator was measured by conden 
sing the water vapor down to a given dew 
poimt in a metered volume of gas. The 
water collected plus that calculated to be 
m the saturated gas gave the total water 
content. The rotor gas supply and genera 
tor revolutions per minute were measured 
The turbine gas supply was not metered 
but the inlet pressure was recorded. A 
previous calibration gave the relation of 
gas flow through the turbine and revolu 
tons per minute as a function of inlet 
pressure 

Sound intensity measurements were made 
with a microphone when no smoke was 
passing through the chambers; the micro 
phone could not be used in the smoke be 
cause of the high temperature. The sound 
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Fig. 11. 
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(MEASUREMENT OF DISPERSION IN TEST CHAMBER) 


ICALLY 
PRODUCED FOG 
‘15040, 


~PROTOELECT@IC CELL READING 
CHAMBER CLEAR 


i 


| 


CARBON BLACK 
150 db, 


| “CARBON BLACK 
140 6d, S4KC 


CARBON BLACK, NATURAL 
(NO SOUND) 


> 


RS) 
OISPERSION 


INTENSITY (FOOT CANDLES) 


| 
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SOUND INTENSITY APPROX. 155 DECIBELS 
FINE FURNACE BLACK, 92 SCALE, 2G6R/FT? 


200 300 


TIME (SECONDS) 


° 100 


400 


PERCENT CARBON BLACK RECOVERED 


Fig. 12. Effects of Sound at Twe Different Intensities on 
Clearing Carbon Black Smoke. 


initensity measurements were not traverses 
but measurements ot average maximum m 
tensity. Later ¢ xperience in sound measure 
ment has indicated that the 
intensity corresponding to the 
maximum readings obtained would 
been about 155 db, and this figure is used 
with the data in this paper. If the intensit 
ould have been measured with smoke in 
chamber it would found 
than im the empty chamber becaus« 

”t the absorption of sound energy in mov 
ing the acrosol particles . 
Theoretical mput could be calcu 
ated as that available trom expanding tur 
pine rotor gas reversibly down to the 
umd-chamber pressure (13.2 Ib./sq.in 
tm. p.). No method been devised as 
et to measure the power output 
a siren-type sound generator m 
losed Hence 
t ing ethorency of 


over-all average 
average 
have 


have beer 


power 
and 


has 
acoustK 
an en 
way of 
the conversion to 

energy ot the total energy mput t 
systen tree 


there is no 


Measurements made im a 
undeated efhosencies for this type gen 

the 10-50% depending 
m operating conditions and design 


range ot 


Summing up the of the 
asurements that could be made with 


the pilot plant apparatus; ¢ arbon black 


signihcance 


smokes of a limited range of primary 
particle size and grain loading could be 
subjected intensities of not 
greater than about 155 db. for a limited 
Dilution of the 


was about 1 to 1 


sound 


range Of contact times 
smoke by gas 
The degree of collection of the sonically 


rotor 
agglomerated smoke in a cyclone system 


of arbitrary design (not the design for 
optimum collection) could be measured 
and the smoke itself 


could be made to discover qualitatively 


observation of 
the degree of agglomeration 


Results 


Laboratory. Significant laboratory 
data are 12 
These data show the effects of sound of 
two different 
carbon black smoke 
blank run was made in 
black smoke was allowed*to stand with- 
The curve for ag 
fog is shown in 


summarized in Figure 


intensities on cle aring 
For comparison, a 
which carbon 
out sound treatment 

glomeration of water 


Figure 12 also 


PERCENT CARBON BLACK RECOVERED VS CARBON BLACK CONCENTRATION 


'00 


OVEREO 


PERCENT CARBON BLACK RE 


28 SEC GROUP 
MATERIAL FINE FURNACE BLACK 
SOUND FREQUENCY - 4KC 
SOUND INTENSITY - 155 DECIBELS 


3o 
GRAIN LOADING (GRAINS PER CU FT) 
Fig. 14. 
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FREQUENCY, KILOCYCLES / SEC 


4 ‘6 


2 3 
CARBON BLACK RECOVERY VS. FREQUENCY 


Fig. 13. 


An attempt was made in the labora- 
tory experiments to find the optimum 
sound frequency for carbon black ag- 
glomeration but the results were incon- 
clusive and the data are not presented 
here. It was estimated from the labora- 
carbon black smoke and 
artificial water fog that the frequency 
range 3000-4000 cycles/sec. would be 
optimum for carbon black 
data 
show that sound energy at intensities in 
the range of 145-150 db 
quencies of the 
had a pronounced agglomerating effect 
black that had been 
dehumidified and cooled to near 
Rough tests gave the dis- 


tory data on 


Laboratory served merely to 
and at fre- 
order of 3000 evcles 


on carbon smoke 
room 
temperature. 
turbing indication that smoke which had 
not been passed through a Dry-Ice trap 
for cooling and dehumidification would 
not agglomerate as well as smoke that 
had been so treated but the practical sig- 
nificance of this difference could not be 


judged 


Pilot Plant 
nature 


Because of the pioneering 
of the work, the experimental 
well as the data obtained 
far trom satisfactory for obtaining good 
Many variables 
could be measured only with limited pre- 
Grain-loading tests were partic- 
tedious and limited in precision. 
variables could not be measured 
at the efficiency of 
conversion of the energy in compressed 
natural On the 
other hand such trends as could be ob- 
erved can be relied upon beyond all 
reasonable doubt since enough data were 
obtained to give consistent and reason- 
able curves 

Figure 13 shows a series of runs made 
the optimum sound fre- 


setup, as was 


commercial design data 
cisior 
ularly 
Some 

all 


ex ample 


gas to sound energy 


to determine 
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quency for carbon black agglomeration. 
While these data substantiate the labor- 
atory data in showing an optimum fre- 
quency in the range of 3000 to 5000 
cycles/sec., it is believed that the fre- 
quency effect is complicated by the char 
acteristics of the sound generator. The 
yptimum frequency may be due as much 
to the higher efficiency and higher sound 
intensity of the generator at certain fre- 
quencies as to the existence of a true 
optimum frequency range tor agglomer- 
ation in the ranges studied. 

Figure 14 shows the best of the basic 
data on collection of a given-type black 
vs. grain loading and contact time, fre- 
quency and intensity remaining constant. 
These data could be roughly verified by 
an experienced observer looking at the 
stack and this verification served as a 
check against gross errors in collection 
efficiency measurements. 

An interesting observation was made 
by dipping a glass slide quickly into the 
smoke entering the sound chamber and 
comparing this slide at a magnification 
of 100 with a slide obtained in a similar 
manner on the agglomerated smoke at 
the sound-chamber outlet. The change 
in degree of agglomeration is striking. 
In the agglomerated smoke the small 
agglomerates have been almost com- 
pletely eliminated. The method of sam- 
pling Is Open to some question im that 
the larger agglomerates would be caught 
more easily than the smaller ones. How- 
ever, in view of the relatively low ve- 
locity of the smoke and the rapid inser- 
tion and removal (in 2 or 3 sec.) of the 
slide normal to the smoke flow, it would 
seem that a representative sample would 
be obtained. The slides were examined 
carefully over the entire area of de- 
posited smoke to get a representative 
field for photographir 4 

No mechanical difficulties of any con- 
sequence were experienced with the 
sound generator but no extended runs 
(over about 8 hr.) were made. The 
noise level was not great and no strong 
complaints were voiced by the operators. 
The Ingh-pitched whine seemed to have 
a slightly annoying psychological effect. 
The chamber was not insulated or other- 
wise specially equipped to cut down on 
the intensity of the escaping sound 


Discussion of Results and 
Conclusions 


Measured Collection Ifiiciency 

System vs. Cottrell System 

After the sonic collection work was com- 
pleted, a Pangborn leat-type bag filter with 
asbestos bags was installed on the furnace 
black pilot plant used for the sonic tests 
This bag filter was used on a large number 
of subsequent runs to measure the efficiency 
of the Cottrell-cyclone system when making 
blacks of the same type as used for the 
some agglomeration study. The bag filter 
gave substantially complete collection of 
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Fig. 15. Fine Furnace Black, Primary Particle Size .04-05«. Photomicrograph 


(X%100) of Agglomerates. 


Left-hand Panel Before Sonic Agglomeration; 


Right-hand Panel After Sonic Agglomeration. 


the carbon in the exhaust from the second 
ary cyclone. Figure 16 shows the collection 
efficiency data so obtained. The flow rates 
used in the subsequent runs with the bag 
filter were in the range of 1000 to 2000 
cu.ft./min. at flow conditions, which over 
lap the range of the sonic experiments, It 
may be explained at this point that in 
practically all runs represented in Figure 
16, the inlet grain loading is lower the 
lower the particle size of the carbon black 
Those points that lie more than about 10% 
below or above the curve for the most part 
represent cases in which (1) the grain load 
ing is abnormally low or high because of 
freak conditions, or (2) the flow rate is 


abnormally high (above 2000 cu.ft./min.) 
or low (below 1000 cu.ft./min.) 

At the lower and upper limits of the 
particle-size range covered in the sonic ex- 
periments, the Cottrell-cyclone system 
showed collection efficiencies of 60 to 80% 
and 70 to 90% respectively, while the sonic 
experiments covered an efficiency range of 
52 to 83%. No direct comparisons could be 
made between the sonic system and Cot- 
trell system as the only factor that could 
be held constant in operating the two sys- 
tems was the use of the same cyclones for 
collecting agglomerates. However, it is 
fair to say that the sonic system showed 
efficiencies in the same range as the Cottrell 


|| COLLECTION | 
EFFICIENCY RANGE 


COLLECTION EFFICIENCY &% 


SONIC EXPERIMENTSO— 


APARTICLE SIZE RANGE| 
'SONIC EXPERIMENTS | 


ESTIMATED MEAN PARTICLE SIZE, ma 


60 


Fig. 16. Collection Characteristics for 3500 cu.ft./min. Pilot Plant Cottrell-cyclone 
System. 
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system when both were operated over the 
same ranges of flow, particle size, and grain 
loading. The range of collection efficiencies 
for the sonic system lies somewhat lower 
because of the excessive dilution from rotor 
gas. Most of the sonic runs were in the 
lower grain-loading range (114 to 244 gr 

cu.ft.) and higher flow ranges (2000 cu.ft. 
min.) while most of the Cottrell runs were 
in the higher (254 or greater) grain-load 
ing and lower (1000 cuft./min.) flow 
range. It is concluded that, within the 
limits of the data, the sonic collection sys- 
tem gave performance equivalent to that 
of the Cottrell system 


Comparison of Unagglomerated and Ag- 
glomerated Smoke from Sonic and Cottrell 
Agalomerators. Figure 15 shows a fine 
particle-size furnace black at 100 X before 
(right) and after (left) passing through 
the sound field. The change in state of 
agglomeration is striking. Figure 3c shows 
the same comparison for a slightly larger 
particle-size furnace black before and after 
passing through a commercial (50,000 cu 
ft/min.) Cottrell. It happens that this com 
mercial grade of black (fine furnace black 
Sterling 99, mean particle size about 45 
is particularly hard to collect in the 
onventional Cottrell-cyclone system The 
photommecrograph suggests that this is partly 
because Figures 3a 
greater degree ot 
eration that is obtained with the Cottrel! 
on still coarser grades of furnace black 
(about 70 ma and S5my mean diameter re 
spectively) 


tthe) 


oft poor agglomeration 


and b show the agglom 


Commercial Implications collec 
tion of furnace carbon black could be em 
ployed at any time 
collection 
trostatic agglomeration systems. The 
apparatus ts simple and dependable 
respect it is simular to a ngh-speed 
or turbine The 
answered is the 


with full assurance of 
eflmiencies as god! as with ele 
sonic 
In this 
pump 
question yet to be 
operating and 
Further experi 
mental data and correlations are required 
to put firm design 
basis 


only 
total 
first cost for given case 


cost 


collection on a 


sone 
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Discussion 
L. J. Ronayne (Phillips Chemical 


Co., Borger, Tex.) : Is there any physio 


logical damage inherent in ultrasonic 


work 

C. A. Stokes: I don’t think there is 
uny question but that you will have some 
from neurotic 


complaints people be 


cause of the high-pitched scream of 


That 


the sirens could be minim 
certainly 


As far as 


concer? net it 1s 


ized to a where it 


wouldn't bother many people 


inv actual damage 1s 
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ridiculous that there would be 

At Wright Field, the Ultrasonic 
Corp. has supplied sound generators for 
testing the effect of the sound on human 
beings and, from what | hear of their 
work, the human can stand an 
amazing amount of punishment, so I 
would say that you would have to be 
conscious of the need for good person- 
nel work; but other than that, it is per- 
fectly all right. 


utterly 
any. 


ear 


L. J. Romayne: The gas that you 
were using to drive the generator tur- 
bine was vented into the off-gas stream. 
Could you take reactor gas, pass it 
through your expansion turbine and then 
burn it in your furnace? . 

C. A. Stokes: The turbine that 
drives the generator consumes only a 
small amount of gas. In future installa- 
tions, that drive mechanism will be in 
the nature of a speed control or a brake 
rather than a drive. You can readily 
appreciate that a siren will drive itself 
if the ports are shaped correctly, so that 
in new commercial installations, they 
can put a high-speed, variable-speed 
motor on there to regulate the 
speed of the rotor so that they can tune 
the chamber with the rotor 
fully. At present, it is absolutely neces 
sary to dilute the gas in the system with 
the rotor gas There is no way around 
that and it is important on small-scale 
installations but unimportant 


electric 


very care- 


relatively 
on large-scale installations 

L. J. Ronayne: In the pelleting of 
loose black, 
have any particular future a- 
ing that operation ? 

C. A. Stokes: I don’t really think it 
does, at least not in the present state ot 
the art 

Cc. O. MeKinney 
of Indiana, Whiting, Ind.) 
upper limit tor 
sonic agglomeration ? 

C. A. Stokes: It probably is very 
There is no reason why the effi- 
ciency of agglomeration, if vou can use 
that be as good at 
high temperatures as at low except that, 
the higher 
the temperature, the apart are 
At the at the 
higher temperature the smaller particles 
Brownian 
your 


sonic agglomeration 
far as aid- 


does 


(Standard Oil Co. 
What is the 


temperature ethcient 


high 


term, should not 


of course, in a given smoke 

farther 
the particles same time 
ire pushed around more by 
motion and | see no reason why 
shouldn't be 

You are 
cat-cracker effluent. I 
work all You 
might find there that those particles just 
don't stick as 
SOMME tend 


wgglomeration good at 
1.000 or 1500° F. 


thinking of a 


probably 


think it would right. 
as carbon; 


together 


well 
to stick 


tend to 
materials 


better than others 


Eleventh 


Okla.) 


(Presented af 
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MINNEAPOLIS MEETING TO FEATURE 


MANAGEMENT, QUANTITATIVE 


ECONOMICS AND FREEZE DRYING 


WILLIAM M. PODAS 


Economics Laboratory, Inc., St. Paul, Minnesota 


TEMICAL ‘engineers and guests 

from all over the country will find 
an outstanding technical program at the 
Minneapolis Regional Meeting of the 
American Institute of Chemical Engi 
neers to be held at the Radisson Hotel 
Sept. 10-13, 1950. The program ar 
ranged by Chairman Edgar L. Piret 
Minnesota) and Assist 
ant Chairman Donald R. Gathrie ( Min 
nesota Mining and Manufacturing Co.) 


( University of 


will have both general and specific in 
terest. The six scheduled symposia and 
the general Technical Program will ap 
chemical 


peal to engineers in all 


branches of the profession. Some of 
those dealing 
and Quantitative 
will attract not only chemi 


cal engineers but other people connected 


the symposia, especially 
with 
Economics 


Management 


with the chemical industry 
The six symposia and their chairmen 
were listed in the July issue. 


New Chemical Engineering Building, University of Minnesota. 


Symposia 


What Should You Know About Man 
agement? The purpose is to present in 
a preliminary manner the various phases 
of management, a knowledge of 
should be helpful to all chemical engi 
This is particularly true of 

engineers toward a 
future in the realm of management. It 
will be pointed out im the discussions 


which 


neers. 


chemical looking 


that chemical engineering provides an 
excellent background for an 
career, To add further interest it is 
planned to offer a quiz which will in- 
dicate to the individual just how much 
knowledge he has of management prob 
lems 


executive 


The symposium will consist of a 
and with 
three speakers in each session followed 
by a discussion period during which the 
speakers will act as a board of experts to 


morning afternoon session 


answer questions 


New Solvent Extraction Plant, 


is “What Is Good 
Organization?” with the speaker still 
to be named. The question “Are You of 
Executive Caliber?” discussed 
by Chaplin Tyler of the development de 
partment, Du Pont Co. Ernest B. Dale 
of the School of Business, 
Columbia University, will speak on the 


The first subject 


will be 


Graduate 
subject “Executive Development.” G 
Charter Harrison of G. Charter Harri- 
son Associates, Madison, Wis., and an 
expert on practical accounting, will dis 
cuss the subject “The Chemical Engi- 
Meets the Accountant Dr. Wil- 
liam R. Spriegel, dean of the College of 
Administration 
Texas, will answer the question “Why 
Industrial Relations?” Industrial rela 
tions or personnel management includes 


neer 


Business University of 


any activity whose 
dealing with people as contrasted to 
dealing with material Dean 


Spriegel will show how real personnel 


major challenge is 


things. 


Minnesota Linseed Oil Co. 


a 
= | 
| 


SYMPOSIA AND TECHNICAL PROGRAM CHAIRMEN 


W. L. Faith R. H. Wilhelm 


management will ever remain personal 
Stanley P. Farwell 
Research Corp., Chicago 


president, Business 
Ill., who has 


done much work in comparative salary 


surveys im determination of wage and 
salary rates, will speak on the subject 
How Is Your Salary Determined? 


An apt question even for chemical en 
gineers 


Phase Equilibria, This is a continua 


tion of the symposium initiated at the 
Houston Regional Meeting. The sym 
posium will consist of a morning and 


an atternoon session and will include 


eight papers 
Papers will deal with phase equilibria 
fluorocarbons, mi 


im various systems 


trogen - ammonia, acetone - methanol 


water, SO,-H,O. Other papers will deal 


with graph al tex hniques for recipro 


cal salt pair systems, salt effect in vapor 
liquid equilibria effect of addition of in 
organic salts on solvent extraction from 
solution, and equilibrium con 
tor tlash 


eum tractions 


us 


ditions vaporization of petro 


Ipplied Reaction Kinetics. This swm 


posium will consist of two morning ses 
sions and one atternoon session and will 
imclude a total of 14 papers. Dr. Wil 
he will act as chairman of two of the 
ns and Olaf A. Hougen ( Univer 
ity of Wisconsin) wall preside at the 
third session Th ymposium deals 
with the heart of the chemucal plant 
the reactor, Streams ot chemicals enter 
the reactor and product streams leave 
Most of the equipment of the plant ts 
concerned with reactant preparation and 
separation the product into usable 
components but the reactor, which ay 
be small ally by mpar the 
kev unit he dea with 
hur t t 
obta thre t eth 
reactor 

Worker tr ul the 
bia live M esot i 
Princeton, Purdue, W u 


E. L. Piret 


try (Du Pont, Merck) and the Bureau 
of Mines will present papers 
pers will deal with fundamental reactor 
others deal 


Some pa 


considerations while will 
with reactors for specific products such 
as chlorbenzene sulfonic acid, phosgene, 


ammonia, and oil from coal 


Quantitative Economics m Estima 
tion of Risk Factors in Capital Ven- 
Dr won the 1949 
Professional Award = for 
Chemical Engineering at the Pittsburgh 
Annual Meeting, will present an intor- 
mative program. The purpose of the 
symposium is to illustrate the applica 


tures Souders, who 


Progress 


thon of quantitative economic data to the 
some of the risk factors 
assessed in arriving at a 


estimation ot 
which must be 


decision on a proposed capital invest- 
ment. Four topics will be presented in 
one morning session after which the 


meeting will be opened to general dis 
cussion 

Dr. Souders will the subject 
‘Population the Base of the Economy 
This 
titled 
thur B. Upgren, department of econom 
Minnesota. Raymond 


cover 


will be followed by an address en 
Stoichiometry of Money” by Ar 


es, University of 


Hi. Ewell, Chemical Economics Service 
Stanford Research Institute, will speak 
Trends and Cycles in Chem 
eal Industry Dr. Souders will present 
the final topic “Weighing the Overall 
Risk in Process Ventures 

ndvor Versus Outdoor Chemical 

mit (Construction This symposium 
will consist of one morning session and 


will inelude four papers which will at 
tract a lot of interest as the speakers 

ive all had practi al experience on 
this timely and important problem. They 
will present vivantages costwise and 


performancewise for outdoor construc 


tion of certam types of chen il plant 
William H. Wiliams (Dow Chemical 
Co.) will discuss weather considerations 


Work 


how 


struct 


in relation to plant cor 


ers from Du Pont Co. will discuss 
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they arrived at the decision to build out- 
door acetic acid recovery units. Homer 
Kieweg (Commercial Solvents Corp.) 
will discuss the plant safety problem in 
outdoor construction. J. R. Minevitch 
and G. B. Knight of the E. B. Badger & 
Sons Co. will present comparative costs 
on indoor versus outdoor construction 


Chemical Engineering in Food Indus 
tries. This symposium is appropriately 
presented at Minneapolis since this city 
is so closely connected with food proc- 
essing and applications of chemical en 
gineering in the field. The sym 
posium will consist of one morning ses 
sion and will include three papers. \V. ¢ 
Praschan (Clinton Foods, Inc.) will 
present a paper on “Chemical Engineer 
ing in the Frozen Food Industry.” De- 
velopments in this industry have cen 
tered around evaporators and methods of 
Ireezing ; 
now in use will be described and a simi 
lar discussion will be presented on seven 
different methods of freezing. Warren 
H. Goss (Pillsbury Mills, Inc.) will dis- 
cuss “Chemical Engineering in the Edi 
ble Oil Industry.” Workers from Swift 
& Co. will present a paper on “Chemical 
Engineering in the Meat Packing Indus 
try 
ture of 
derivatives, ete 


food 


seven types of evaporators 


Unit operations in the manufac- 


glue, gelatin, soap, feeds, fat 


will be described 


General Technical Program 


a Creneral T ech 
eight 


In addition there is 
nical Program consisting of 
papers 

This program will consist of two af 
ternoon sessions Edgar L.. Piret 
( University of Minnesota) will preside 
and at the other Robert C. Ernst (Umi 
will preside. Four 


at one 


versity of Louisville) 
papers will be presented at each session 

The speakers will cover the tollowing 
Freeze Drving with Radiant 
Phe Application of Diffusion 


subjects 
Energy 
Equations to Drying Schedules” ; “Some 
Engineering Properties of Fully Fluort 
The Dit 
fusion Gas Separation Process Con 
tinuous lon 
Multistage lon Exchange 

Treatment of Kraft Mill 


Measurement of Particle Size 


nated Compounds Sweep 


Exchange Contimuous 
Biological 
Wastes’ 

Distri 

bution with the Light-Beam Sedimenta- 

tion Balance 


Plant Trips 
Robert W ( 


Chairman 
and his commut 


Mills 


tee have arranged a schedule of inter 


( (reneral Inc. } 
esting plant trips for visiting chemical 
These 
torres will illustrate 


engineers plants and labora 


ipplications ot 


The 


hemical engineering in Minnesota 


hedule includes 


(Continued on page 11) 
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Cleaver-Brooks Compression Stills at Arrowheod & Puritos Waters, Inc., los Angeles, Calif. This plant is one 
of the largest pression still installati in the U.S., producing over 100,000 gations of pure water daily. 


Cleaver-Brooks Compression Stills offer 
Exceptional Economy in 3 Basic Applications: 


WATER PURIFICATION in quantity and quality. Potable water can 


be obtained from brackish or sea water — no need for pipe lines, trucking or barging from 
distant sources of fresh water. Where potable water is available a Cleaver-Brooks Com- 
pression Still produces a USP chemically pure, pyrogen free water, meeting the rigid stand- 
ards demanded for intravenous solutions or chemical processing. 


CONCENTRATION FOR RECOVERY ay Cleaver - Brooks 


Compression Stills recover valuable solids from fluid wastes from tanning liquors, brine, 
amino acids, penicillin slurry, black liquor from pulp-paper mills, other solutions and sub- 
stances. 


CONCENTRATION FOR DISPOSAL « 
injurious wastes. Cleaver-Brooks Compression Stills provide an economigal means of con- 
centration — meet the problem of handling wastes not disposable through local sewer sys- 
tems or where stream pollution or expensive hauling, piping or barging are prohibitive. 


Cleaver-Brooks Compression Stills are available in standard size units from 75 G.P.H. 7 
to 2100 G.P.H., electric or Diesel drive. Larger sizes to fit specific applications can 
be constructed for field erection. Write for bulletin “Compression Distillation”, 
CLEAVER - Brooks ComMpANy, 393 E. Keefe Avenue, Milwaukee 12, Wisconsin 


a The merit of compression distillation lies in 
the efficrency with which latent heat is con- 
santly being reclaimed and utilized — re- 


Cleaver-Brooks 
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Builders of equipment for the generation 
and utilization of beat. 


CHEMICAL ENGINEERING PROGRESS 


LATENT HEAT AT WORK* 
q 
A 
4,5 
} 
j 
| 
\ 
Page ? 


Venting a dangerously 


Should external fire exposure—a sudden exces- 
sive pressure generation—or an internal fire and 
chemical reaction get out of hand—would your 
existing relief valve meet such an emergency? 


BS&B SAFETY HEADS are the solution for danger- 
ously fast pressure rises. They give INSTANT 
RELIEF! A fully unrestricted opening is made for 
gases and liquids to escape. No other relief device 
acts as fast as the BS4B SAFETY HEAD. 


There are three principal parts...a pre-formed 
metal rupture disc and two specially designed 
metal holding flanges. Correct element resistant 
metals are used in fabrication of the rupture disc 
which bursts when a predetermined pressure is 
reached. BS&4B SAFETY HEADS are used the world 
over. There are no moving parts to wear or become 
fouled at a critical moment. SAFETY HEADS give 
‘round the clock protection to both property and 
personnel. 


2. At outlet of certain types of relief valves 


A SAFETY HEAD at the 7 


3. Under your existing 
relief valve 


relief outlet will stop leakage 
until rupture disc pressure is 
attained. Not recommended 
where viscous or corrosive 
materials might contaminate 
internal parts of the valve. 
Investigate your valve de- 
sign before using this type 
of installation... 


A SAFETY HEAD under 
your relief valve isolates the 
valve from vessel contents. 
Leakage through the valve 
is eliminated until the 
SAFETY HEAD rupture disc 
is burst by over-pressure. 
An open bleed line or some 
type of tell-tale indicator 
must be installed in chamber 
between rupture disc and 
valve plug. 


FREE ANALYSIS WITHOUT OBLIGATION 


ERED SAFETY HEAD will have 
a BS&B engineer analyze your pressure reliei 


and submit 


submit suggestions to you WITHOUT COST OR OBLI. 


GATION. Mail the coupon on opposite page or call 
GRand 6700, Kansas City. Do it now! 


BLACK, SIVALLS & BRYSON, INC. 


KANSAS CITY 


@ TULSA © OKLAHOMA CITY 


fe 
a Here Are the Answers to Your Relief Valve Problem 
| { 
i 1.As sole pressure relief devie 
: 
This installation weed when its not 
an necessary to have a shutoff or when 
materials handled are not toxic or 
inflammable. 
Le / 
| \ 


ya fast pressure rise... 


Mail Coupon 
for Your Copy , 
of This Book | 


Get all the facts ... all the answers to your ques- 
tions about BS4B SAFETY HEADS! The latest 
up‘to-the-minute information on the use of BS&B 
SAFETY HEADS in the Chemical Industry is con- 


by mailing the coupon below to Black, Sivalls 
& Bryson, Inc. 


Extra Protection for Expensive Equipment 


4. As a secondary relief device 


When the SAFETY HEAD is 

r used as secondary relief de- 
vice you are given positive 
protection when pressure 
rises to the predetermined 
bursting pressure of the rup- 
ture disc. The primary relief 
valve may fail to function 
due to corrosion, or if pres- 

2 sure continues to rise. due 
to inadequate relie{ area. 


r BLACK, SIVALLS & BRYSON, INC. 

1 720 Deleware, Sec. 4-92-8 Kenses City, Mo. l 
_ (© Please send me a copy of the new ([) Please have a BS6B SAFETY HEAD engi 
BS46B SAFETY HEAD cotalog. neer analyze my reliet problem. without 
l cost or obligation to me. 1 

Name 
City . Zone State 


tained in a new catalog. You will receive a copy ra 


MINNEAPOLIS MEETING 
(Continued from page 8) 


1. Minnesota Linseed Oi} Co. ( Minne- 
apolis)—Trip will include both the 
new solvent extraction plant and the 
pamt tactory 

2. Ford Motor Co. (St. Paul)-—-A spe- 
cial pomt of interest ts the glass fur- 
nace. Sand is mined night underneath 
the plant and converted inte wind 
shields for Ford cars 

3. New Chemical Enginecring Building, 
University of Minnesota (Minneap 
olis This modern building will be 
completed and ready to receive stud 
ents by September 

4. Hydraulics Laboratory, University of 
Minnesota (Minneapolis)—This in- 
ternationally noted laboratoury is lo 
cated at St. Anthony Falls on the 
Mississippi River 

5. Swift & Co. (South St. Paul)-—This 
ts the largest meat-packing plant in 
the Northwest 

6 Theo. Hamm Brewing Co. (St. Paul) 

Hamms has just completed a large 
expansion and is now one of the most 
modern breweries in the country 

7. Minneapolis-Honeywell Regulator Co 
( Minneapolis)—One of the country's 
largest manufacturers of thermal 
controls, regulators, etc 

8. Northern States Power Co., Riverside 
Plant (Minneapolis)—The largest 
steani generating plant in the North 
ern States system 

9 Land © Lakes Creameries, Inc 
( Minneapolis)—One of the original 
and now the largest farmers coopera 
tive in the country. Visitors will see 
processing of butter and cheese and 
view the laboratories 

10. General Mills Inc. (Minneapolis) 
Visitors will see one of the largest 
flour mills in this center of the milling 
mdustry 


Ladies’ Program 


An attractive ladies’ program has been 
organized by a committee headed by 
Margaret Hilligan (General Mills, Inc.) 
On Monday guests will attend a “vaca 
tion breakfast” and hear a short talk by 
Mrs. J. E. Oren, a well-known Twin 
City author and book reviewer. In the 
afternoon there will be a visit to the 
tetty Crocker Test Kitchen at General 
Mills, Inc., Minneapolis. Tuesday will 
feature an afternoon at Daytons, one 
of the Northwest's finest department 
stores. The program will include lunch 
at the Skyroom and informal talks by 
fashion and homefurnishing experts and 
a tour through the store. On Wednes 
day there will be a luncheon at the Sib- 
lev Tea Room overlooking the beauti 
ful Minnesota River where it meets the 
Mississippi. The Sibley House, which 
has been restored, is the oldest house in 
the State of Minnesota. The program 
will include a tour through the Sibley 
House followed byw a trip around the 
Minneapolis lake and residential dis- 
tricts 

Visitors are encouraged to “see the 
sights” on their own. The hospitality 
committee will be on hand to guide you. 
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CHEAP POWER FROM NATURAL GAS BRINGS ALUMINUM OIL SHALE REVIEWED IN 
PLANT TO TEXAS OHIO STATE SERIES 


“Review of the Estonian Oil Shale 
Industry. With a Brief Account of Oil 
Shale Development in the United 
States” by Peter O. Krumin is the title 
ot Engineering Experiment Station Cir 
cular No. 5O of the Ohio State Univer- 
sity Studies. The pamphlet contains 
some 125 pages of text, tabular matter, 
and line drawings. New data are in 


cluded, such as High Temperature Car- 
bonization of Oil Shale. Some 70-odd 
sources are cited in the bibliography. 

The price of the circular is $1 

The Engineering Experiment Station 
in close cooperation with the Geological 
Survey will continue to study the Ohio 
oil-shale resources and their possibili- 
ties for industrial utilization. The Sta 
tion under a cooperative agreement with 
the Bureau of Mines is receiving oil 
shale and shale oil samples from the ex 
perimental plant in Rifle, Col. These 
samples are being used for basic re- 


search 

Peter O. Krumin, associate professor 
of fuel research, Engineering Experi 
ment Station and department of chemi 
cal engineering, The Ohio State Uni- 


versity, is an Active member of 


Interior of one of three pot rooms, showing the aluminum reduction cells and 


power busses supplying current. NAT. CONGRESS APPLIED 
MECHANICS, CHICAGO, 1951 


hi the raw materials necessary for electrode paste preparation The plant The first U. S. National ¢ ongress of 


the economical production of aluminut is made up of three pot lines, as a series Applied Mechanics will be held June 


mt electric eneres Host) funda of reduction cells is termed, each with 11-16, 1951, at Chicago, Ill, under the 


bi velron tric moetallation in its own power unit, A power unit co ponsorship of U. S. National Commit 
most cases, have solved the aluminum tains forty 1600 hp. gas engines, each of tee on Theoretical and Applied Mechan- 


melustry need tor the tremendou which drives a l000-kw. dic. generator ics, American Institute of Chemical En- 


quantities of power required, Now the umd a 125-kva. a.c. generator. The ga gineers, and other technical societies and 


\luminum Co. of America will obtain engimes are radial in design with eleven ganizations interested in mechanics 


ts electric energy from natural gas at cylinders of 14-in. bore and a 16-in \bstracts of papers, which should 


its new Powmt Comfort reduction work troke. The engines are mounted hori constitute original research in Applied 


neat ort Lavaca lex 1} plant ontally at the first floor lewel and are Mechanics including kinematics dv 
“ iin full production, will tap daily thirectly connected to the generators on yamics. vibrations. waves. mechanical 


1.000.000 cu it of natural @as tor the the basement floor right beneath The properties and failures of materials 
generation of 120.000 kw. of electra engines are water cooled and heat is re stress analysis, elasticity, plasticity, fluid 


xwwer and the production of 300,000 moved trom the cooling water in finned 


mechanics and thermodynamics, are to 


Ib. /clav ot alum reat exchangers equipped 


be sent directly to the chairman of the 
Phe plant is situated on a J000-acre with an &4-in. diameter fan driven by 4 editorial committee, Eli Sternberg, 


tract on Matagorda Bay and consists ot 25 hp. motor, Exhaust gases from each Illinois Institute of Technology, be- 
power-generating tactlitre luminum engine pass to the atmosphere through — for, April 14, 1951, and such presenta 
reduction cel La carbons mot 17.5 by SO tt. aluminum stack tion 1s subject to the full manuscript 
having been submitted prior to June 11, 


1951. Papers should not exceed 5000 


OFFICERS OF §&.C.1. erick W. Adams, Spool Cotton Co. * 
(General Chairman of the National 
New York ind honorary treasurer 
Otheer Congress is L. H. Donnell of Illinois 
Walter | taeza, Industrial Researcl 
Society « io Institute of Technology and the repre 
1950.51 Co., New York sentative for A.LCh.E. is Prof. Thomas 
t mbers were ele ed to the , 
the exe lwo new members wet cted to Drew, department of chemical engi-* 
honorary, ' vroup executive committee They were J. | neering Columbia University New 
hemical pera York 
division. | th ' " Hercules Powde »., Wilming Inquiries regarding the Congress may 
Mass.: hos ' ce-ch : » ton, Del.. and Randolph T. Major, vice be addressed to the Secretary of the 
Swain vanamud resident and scientific director, Merc! Congress, N. M. Newmark, University 
} 
New York onoral tut red Co N Urbana, 


ords 


nN 
nett nanager 
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BUFLOVAK 
VACUUM 
DOUBLE DRUM | 


1.Vacuum drying with BUFLOVAK 
Vacuum Double Drum Dryers is a 
low temperature, continuous method 
of producing dry materials at low 
operating cost. 


2. Delicate food products, phar- 
maceuticals and chemicals are 


continuously dried at safe, low 
temperatures. 


3. Quick drying under sanitary con- 
ditions, in immaculate stainless steel 
equipment, retains the original good 
quolities in the dried product. 


4. New and unique features pro- 


Send for catalog Number 348 


CHEMICAL ENGINEERING PROGRESS 


1567 FILLMORE AVE., 


BUILDS 
PROF ITS 


vide continuous, quick drying, and 
full recovery of solids. 


5. Producers of high quality food, 
chemical and pharmaceutical prod- 


ucts report from actual perform- 
ance thot... 


6. Drum Drying Builds Profits. 


BUFFALO 11, N.Y. 


| 
| 
delicate liquid products at. 
DIVISION OF BLAW-KNOX CO ee 
BUFLOVAK SERVES ture Dryers, RESEARCH AND TESTING 
THE CHEMICAL AND ont S. LABORATORY 
j 
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NEW SODIUM AND CHLORINE PLANT OF NATIONAL DISTILLERS 


National Distillers Chemical Corp. has begun commercial operations at its new 
$10,000,000 plant in Ashtabula, Ohio. The corporation made its first commercial 
shipment of metallic sodium recently, and is also delivering chlorine to the adjacent 


plant of Hooker Detrex, Inc. 


The chemical corporation 


is a wholly owned 


subsidiary of National Distillers Products Corp. 


E. J. C. REPORTS ON NATION'S WATER POLICY 


In a huge study on the natron water 

viene the Engineers Jomt Council 
a stand last month against “exces 
and unsound” water resources pra 


ices which it attributed to competing 
il agencies and Congressim al “re 
Sponse to pressure and trading und 
Balled for a halt m turther authoriza 


Bons until umform 
idepted 

In an extremely critical report an SO 
Dian ittee of Jount 
Pouncil 


national policy has 


comn E-ngineers 


representing the country's five 
sugyvested 
both 


litical parties” that “public money ts 
imited im avatlability In presenting 


he report to President Truman and the 


engineering socretie 


remedse and warned 


conce med 
political expediency” tactics 
benefits 
urned that unless the “deg 


ommession, the committer 


and “ex 
geeration of claimed and 
radation” ot 
re last two decades im the ipplication 
{ criteria to water resources develop 


nent” is halted, “estimates of benefits 


ill soon become mere excuses tor jus 


fication, not valu reasons tor construc 
thon of project 

The A.L.Ch.E. is a member of Engi- 
neers foint Council along with four other 
national engineering crete Amer 
ran Society i Civil Engineers, Amet 
ican Institute of Mining & Metallurgical 
bngineet he American Society of 
Mechamecal bengimeet American 
Institute t blectr al Rk. D 
lloak the Mellor vas the 
Alchl repre tat n the com 
mittee, The report is of by EJ. 
West 39th St. 17, for $1.50 

follow 

The 
thorized by tl t t Act 
of 1939 can be mad worka . accept 
able It requir that t ire au 
Reclamation shall recos the of ations 
of public utility service at t se sucl 
contracts to implement 
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Of the billion-dollar 
development 


Missour:t Basin 
which the report asserted 


was authorized by Congress in haste 


ind without appropriate public hearings 
within the 


tasin,” the report states 


From an engineering standpoimt = the 
planning and execution ts almost 
backward 
mnored u 
develop the 


entirely 
(Characteristics and needs were 
determining which agency would 

water resources ma particular 
part ot the Specihc projects were 
proposed and approved without regard of 
consideration of their effects on the 
transportation, 
ounties and general welltare 
m the 


Basin 


econ 
omy local government ot 
of the people 
regions of the 
nflicts continue to 
exist in the jurisdiction of overlapping geo- 
graphic projects. There is little wonder the 
ed of the feasibility ot 
Missouri \fter 
than $230,000,000 the 


less than $4,000,000 


areas and adjacent 


reservoirs 


people are unconvir 
navigation om the River 
expenditures of more 


navigation savings are 


Although the report did not direct it 
self to the activities of any particular 


wency, it cited the fact that the Depart 


ment of the Interr, ¢ orps of I nyt 
neers, Department of Agriculture, Fed 
eral Power Commission, U. S. Publi 


Weather 


Survey 


Health Service Bureau, Coast 


and Creodetic ind many others 
are concerned with one phase or nother 


ot water development 


To alleviate competition between 
wencie amd to ifeguard the publi 
bene 


wainst eNagget ated intangible 


fits is (well is i! 
ocatior ot cust between general 
taxpayers and project beneficiaries 
the report rec mmended creation of a 
board tor the impartial analysis and ap 
usal f all federal water project 
Such a board, the report pointed out 
would serve to protect the public 
wwainst “the present excessive umd ece 
cally unsound rate of planning and 
Congressional authorizing of levelop 
ent ce the board's review and re 


port would be “prerequisite to the au 
thorization or appropriation by Congress 
of or for projects of that kind.” 

In support of their proposal that eng: 
continuing imterest im the 
utilized to 
justifiability of 


neers without 
projects be determine eco 
nome dams and reser 


voirs built for flood control, irrigation 
navigation and power, and any combina 
tion of these services, the engineers 
pointed out that today’s water develop- 
ments have reached a level “represent 


ing billions of dollars annually instead 
of the millions per year of the period 
prior to 1930 


Other recommendations included 


Authorization of 
solely by Congress 

No further authorization until 
national policy has been adopted 


Federal water projects 
umtorm 


So far as practicable, 
self-supporting 


projec ts should be 


Authorizations should serve as an abso 
lute limit on appropriations, and should not 
be in blanket form 

The Congress should review any substan 
tial change m project, and authorizations 
should become vord if the project cost over 
runs by 20 per cent the cost estimated at 
time of authorization 

Adequate time should be allowed for col 
lection of essential data and for determina 
tion of whether there is real need for a 
proposed ce velopment 

Expenditures should be at a lower rate 
during periods of general prosperity and at 
a greater rate during periods of reduced 
business activity and employment 

No engineers actively 


now engaged 


under the federal services served on the 
engineers’ committee, the report stated, 
but experience within the federal serv- 
ices is well represented about one third 
of the membership at some time having 
The report 
will be expanded at a later date “to cover 


had actual experience there 


matters not possible of melusion under 
the original effort and to provide fur 
ther documentation 


ZINC OXIDE 
DATA AVAILABLE 


oxide, the St 
Park 
a new O0-page 
The book ts 
divided into two parts, the first concern 


For the user of zine 
Joseph Le ad Lo 250 
N. Y¥. 17, N. Y., has 
pamphlet on this pigment 


Avenue 


ing itself with production of lead-tree 


zinc oxides, and covers the mining 


milling and smelting, etc. The second 
part details the physical properties ot 
rine oxide including general properties 
use in rubber compounding, in protective 

itings, in the pharmaceutical, chem 
cal, ceramic fields, etc 

Copies are available free of charge to 
technologists and members of purchas- 
ng departments if the request is made 
m company letterhead 


(More News on page 16) 
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in refractories... 


a little more Alcoa Alumina makes a 


(Photo and data: Courtesy of Richard C. Remmey Sen Co.) 


ALCOA Alumina increases stability and high- 
temperature resistance of refractories. This is 
clearly shown in the specimens illustrated above. 
All are alumina-content brick, and all were held 
at a temperature of 3400° F. (Cone 40, flat) for 
four hours. From left to right, the alumina con- 
tent of each brick is: 9944%, 93%, 91%, 87% 
and 87°. You can see what a “whale of a differ- 
ence” a little extra ALCOA Alumina makes. (As 
temperatures and alumina content are decreased, 
similar results are obtained.) 

Whatever your operating temperatures, you'll 
have less costly down time as a result of too- 


alumina refractories. They give you these money - 
saving qualities: 

Strength and stability under load at high 
temperatures. 

Resistance to spalling, abrasion and flux- 
ing at high temperatures. 

Resistance to corrosive slags and gases. 


Negligible porosity and shrinkage. 


Buy from your refractory manufacturer--You ean buy 
brick and other shapes, oontaining various percentages 
of ALCOA Alumina to meet your requirements, from 
leading manufacturers. We'll gladly refer you to depend- 
able sources of supply. Write to: Acummnom Company 


ov Amenica, Division, Gulf Building, 
Feancyiveaie. 


[ALCOA] ALUMINAS and FLUORIDES 


ACTIVATED ALUMIMAS - CALCINED ALUMINAS - HYDRATED 
+ TABULAR ALUMINAS LOW SODA 


ALUMINUM FLUORIDE 


+ FLUORIDE SODIUM 


ACW FLUORIDE FLUCBORIC ACID + CRYOLITE - GALLIUm 
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Line 


e True wall thicknesses 


° » Tough, close-grain metal , 


Are you thoroughly familiar with 
the superior qualities of “‘centrifugally cast” high alloys... .such 
Gs these cylinder liners, for example? 

Centrifugally cast metal is exceptionally uniform, close-grained 
and strong. It is free of pits and pockets. It is capable of passing 
very rigid tests. And the practical advantage is that as long as 
there is a centro! circular hole, almost any outside shape can be 
cast. Some of our customers want their castings centrifugal even 
though considerable boring apd other machining is necessary to 
finish the piece. 

We recommend our centrifugal casting service if your require- 
ments call for the characteristics outlined above. Our high alloy 
foundry is modern in every respect and staffed by metallurgists 
ond foundrymen of many years’ experience with both centrifugal 
and static castings. 


ENGINEERING REGIS- 
TRATION IN LOUISIANA 


Information about a new, recently 
passed law in Louisiana has been re- 
ceived from Henry J. Molaison, secre- 
tary of the New Orleans Section, and 
J. W. Weiss, Chairman of the A.L.Ch.E 
Commuttee on Professional Legislation 
Essential points in the new law affecting 
chemical engineers are as follows: 

Certihcates of registration will be is 
sued in one or more of the following 
branches of engineering: agricultural. 
chemical, civil, electrical, mechanical 
metallurgical, mining, petroleum. (Act 
also registers land surveyors.) Certifi 
cates of registration will mention branch 
ot engmeering 

Minimum qualifications for registra 
tion: (a) Graduation from an approved 
engineering curriculum, or (b) Eight 
years Ot satistactory engineering exper- 
ence and examination, or (c) Long- 
established practice—20 years, including 
12 in responsible charge 

The Act also includes’ a one year 
“grandfather clause” for all branches of 
engineering except civil engineering 

Effective date for the new law was 
July 26, 1950, 

The State Board of Registration for 
Professional Engineers and Land Sur- 
veyors, created by the new law, will con- 
sist of seven professional engineers to be 
appointed by the Governor, from a list 
ot nominees submitted by the Louisiana 
Engineering Society. The law provides 
for a minimum of three members of the 
new board to be retained from the old 
“State Board of Engineering Examin- 
ers” who administered the old Civil 
Engineer's Law. These three will be 
civil engineers, and the Louisiana Engi 
neeriig Society is presently in the 
process of preparing a list of nominees 
from among the other engineering 
branches. 

Except for those engineers dealing 
directly with the public, the registration 
is permissive rather than compulsory 


MATHIESON CONTRACT 
TO BLAW-KNOX. CO. 


Chemical plants division of Blaw 
Knox Co. has been awarded a contract 
by Mathieson Hydrocarbon Chemical 
Corp., Baltimore, Md., for the engineer 
ing and procurement of a large new 
chlorine and caustic soda plant to be lo- 
cated at Saltville, Va 

Expected to go into operation in 1951 
this new chlorine production unit will 
be based on the Mathieson mercury cell 
proces which produces chlorine and. 
rayon grade caustic soda of 50 per cent 
concentration directly from the cells 

Blaw-Knox has been authorized by 
Mathieson to build chlorine and caustic 
soda plants using the Mathieson mercury 


cell technique and licenses 


August, 


DURAS 
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PETROLEUM FELLOWSHIP 
FOR UNIV. OKLAHOMA 


The Maloney-Crawford Tank and 
Manufacturing Co., in Tulsa, Okla.. 
has established a graduate fellowship in 
the school of chemical engineering at the 
University of Oklahoma which will start 
in September, 1950. The purpose of the 
fellowship is to promote fundamental 
research which will be of interest to the 
petroleum industry. The fellowship is 
open to chemical engineering students 
who have already completed one year 
of graduate study 


EXTEMPORANEOUSLY OR— 


If it is conceded to be at least a hali 
truth that engineers are proverbially bad 
speakers then even a cursory reading of 
a new pocket-size manual entitled, 
“Speaking Can Be Easy for Engi- 
neers, Too,” should completely explode 
that idea. 

Prepared by the committee on rela- 
tions with industry of the A. S. E. E 
this manual is addressed primarily to the 
engineer. It can be read in a half hour 
including quick glances at the illustra 
tions which in a humorous vein empha 
size the major points The pamphlet 


contains 24 pages and is distributed by 


Engineers’ Council for Professional De- 
velopment at 50 cents with a 25% dis- 
count for lots of 100 
In the “speaker” section the subjects 
covered include: What Type of 


Speech?, Attention Patterns, and Plat The heat transfer medium for high temperatures 


form Manners 


The meeting section is of special in Dowtherm is efficient! Dowtherm, with a high 


terest to the chairman of a meeting. It . . 
coefficient of heat transfer, speeds heating and 


treats of effective introductions, start raha : 
ing and handling questions, etc minimizes equipment size. 


CHEM. ENG. PROJECT Dowtherm provides flexibility within the operating 
BY A.E.C. AT IOWA range. Heat supply to several units at different 


\ research project in chemical engi temperatures 1s possible, if desired. It also provides 
neering has been established by the a high uniformity of heat control, preventing hot 
Atomic Energy Commission at the State spots and local overheating of your product. 
University of Iowa. The project in ‘ 
volves an investigation of the separation Where your operations require accurate, low- 
of gases by diffusion through permeabk pressure heating in the 300-725° F. range use 
membranes. The work will be carried 
out under the direction of Prof. Karl 

the division of chemi THE DOW CHEMICAL COMPANY 
cal engineering 

MIDLAND, MICHIGAN 
KINETIC MERGED WITH 
DU PONT ORGANIC 


Operations of Kinetic Chemicals 
Inc., long a Du Pont Co. affiliate, and 
wholly owned by the Du Pont Co., since THE DOW CHEMICAL COMPANY 


December, 1949, was integrated with OV. 286-1 
MIDLAND, MICH. 


Dowtherm— the efhicient Dow heat transfer medium! 


those of the company’s organic chem- 
icals department July 1. A new Kinetic 
chemicals division will be set up to 
handle sales of Kinetic products, the 
Freon fluorinated hydrocarbons used 
principally as refrigerants and aerosol 
propellants 


( More Vews on page 25 ) 
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MARGINAL NOTES 


Marginal Notes is devoted this month to one book, Unit Operations, by G. G. Brown 
and associates, to be published later this month. It is reviewed by two prominent 
chemical engineers, W. L. Faith, director of engineering, chemical division of Corn 
Products Refining Co., Argo, Ill., formerly a professor of chemical engineering; and 
C. C. Monrad, professor and head of the department of chemical engineering at 
Carnegie Institute of Technology, Pittsburgh, Pa., who went to the teaching profession 
after years of industrial experience. Dr. Faith reviewed the first part of the book, and 
Professor Monrad the second part. Both, however, viewed it overall, and this 
evaluation is given before their technical appraisal. 


Unit Operations. G. G. Brown, A. S. 
a White aa P Wood yr sign suffices for several unit operations, for the whole tube. Partial derivations 


Banchero, G. M. Brown, L. E. ‘ch as distillation, absorption and ex ot this type are somewhat prevalent 
Brownell, J. J. Martin, G. B. Williams, traction; a consistent nomenclature can throughout the book and detract from its 
J. L. York. John Wiley & Sons, Inc, = he maintained 
the various fluid contacting operations damentals since considerable amplifica- 
umn. $7.50. : 2 ure made more clearly apparent. Time tion must be given by the instructor or 
und space are thus released for a more reference made to other sources 
General Comments extensive coverage of the various unit Many teachers will wonder if this 
y C. C. Monrad operations than has been possible in book is usable in the absence of prev- 
previous books in this field. Enough ious training in chemical engineering 


opment of a method of analysis or de tube diameter represents the same ratio 


and the similarities of usefulness in clear presentation of tun 


ROOF. ts. G. BROWN and the chen 
engineering staff at Michigar 

ave prepared the first undergraduate 
xthook in the field of unit operations 


material has been included to require thermodynamics. The authors state that 
ibout three semesters of work to com their treatment presupposes a course in 
plete. In fact much of the material is material and energy balance or one in 


suitable for graduate instruction. The thermodynamics. There appear to be 
me the revisions of the well-known hook is 


wok by tadger and MeCahe ind 
alker, Lewi McAdams and Gilliland ot satistactory size tor easy use student is deficient in thermodynamic 
Significantly perhap this 1s 
st book using the title “Umit 


perations and the tirst in which the 


amply illustrated with 568 draw only a few subjects which would require 
ings, photographs and other illustrations amplification by the imstructor it the 


th such a large staff of coauthors traming 

some differences in writing techniques It is probable that this book will excite 
would be expected, but this ts not no considerable differences of opimon re 

Ddividual unit operations are not cis ticeable. Generally, the book is written garding its value for a beginning course 

as separate and independent 


bells 


Dr. Brown and his associates have 


n simple language, readily understand in the unit operations. The orgamzation 
able sentence by sentence, but at times it of the material will be approved by some 
seems a little monotonous and lacks some ind not by others. Its coverage in terms 
emphasis and clarity. Much care is of both descriptive matter and develop 
given to developments of theoretical ment of methods tor design ts consider- 


ppproached the subject of unit opera 
hons in a somewhat novel manner. This 
approach differs trom those im earlher 


somewhat as follow 


mathematical equations and design ably more complete and up to date than 
methods but these are sometimes based any other single book in the field. Its 
(a) The sequence is roughly in the order incomplete or fuzzy discussions of drawbacks, perhaps, are in rather 

of increasing difthculty the underlying principles sketchy developments of some of the 


b) The maim groupings in the book are The incompleteness of some discus- simpler basic principles and definitions 
(1) Solids, (11) Fluids, (IIL) Sepa ions may be illustrated by the defini ind inadequate discussion of the limita- 
ration by Mass Transfer, the Ideal 


tons o . $ ‘ s tions of some of the procedures sug- 
Stage Concept and (1V) Energy and 08 the various types of heat tran 


Mass Transter Rates fer and in the development of analogies gested. 


Within these groups methods are ce Conduction is defined as the transfer ot As the authors imply, the book is suit 
clawed tor handling similar situa 


heat trom one part of a body to another able for courses of various types by 
treoms on ciifferent ur operations, pe 

tag or between two bodies in physical con suitable deletion of material, and if de- 
ticularly Parts and 


The thermodynamic approach is ‘ct without sigmificant displacement of — sired by rearrangement of the topics in 


«| more generally than 1 common the particles of the body Hlience heat sequence Students and professional 
flow through a viscously moving film in chemical engineers will find it a dis- 
procedure, n 1 wetted wall column is not conduction — tinctly useful addition to their library m 
prox ne 
his de ris i his fic 
hetween the by this definition, and neither 1s it con this field 


“cto he de set } 
irticularly vection by the definition set forth by the 


authors. In the subject of analogies &@ General Comments 


by W. L. Faith 


transter | 
discussion ts ott ‘ ni 

treated in liscu given of the randt! mix 

v length but it is difficult to see how a 

student could follow the development, as Protessor Brown and his colleagues 

he acatmntions are brought novel, vet modern 
th te ie } pro 1 to th study of the unit oper 

ing The cot t is wn thata] peta 

ber can be developed sed or Onts ot or is the 


me fluid flov ra er at thre nolds man ipproa nodern 


separate ma ranster oper t ‘ | velocities and cal mix ler u ryt! about the book is new 

be continued } ul his | lis 18 shown to be the ig book of me urly OOD pages 
used as t met n tr t nt ion t rinted in double columns tor ease of 
procedur seal } ole 3 oO t hen Even t itle it Opera 

} 


ve f the down-to-earth 


vantages yuthors. One wonders 
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| Serving 


process industries everywhere 


Foster Wheeler 
DOWTHERM 


Vaporizers for 
Process Heating 


CHEMICAL ENGINEERING PROGRESS 


| 
| 


Increased quality and production are as- | 


sured in many widely diversified indus- 
tries employing Foster Wheeler Dowtherm 
Vaporizers which provide process heating 
with precise uniformity over a wide range 
of high temperatures. 

For further details, write... 


FOSTER WHEELER CORPORATION 
165 BROADWAY, NEW YORK 6, N. Y. 


tu 
sizes ranging from 
50,000 to 50,000,000 
g 
‘= 
OSTER W WHEELER | 
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why this title has not been used prev 
The writer predicts that the book 
will be widely adopted as a textbook and 
desk top 


erig ine Ts 


asa reterence tor practicing 


Comments on Parts | and Ii 
by W. L. Faith 


Introduction to the 
Unit Operations, sets the stage or tempo 
Here the student is 
given the plan of the book with the 
unit operations which treat solids alone 


The first chapter 


tor the entire work 


followed by those 
involving fluids (Part In this latter 
group are unit operations 
where a fluid boundary phase is involved 


coming first (Part 1) 
treated those 


whether the solid particles are flowing 
through the fluid as in classification and 
flotation, or whether the fluid is flowing 
through a solid as in fluid transporta 
tion or filtration.” This is so natural and 
logical a classification that one wonders 
why the approach has not been more 


wiely used. Part II] covers separation 


Part IV 


those operations involving energy and 


by mass transfer takes up 


mass transter rates. In this manner the 


subject is student 
through the comparatively simple treat 
ment of solids 


ditheult: subjects 


mtroduced to the 


followed by increasingly 
lead to 
unit operations mvolving 


which, in turn 


the complex 
the rates of energy and mass transfer 

One of the points stressed in the in 
troduction is the practicality of the unit 
The 
unit-operation concept ts a 


operations student learns that the 
method for 
tiving and tormulating engimeering 
experience, first by 


single observations 


then many observations empirically cor 
related and extrapolated, until equations 

plotted data 
derived The 


however 


repre can he 
student 


that the practical 


enting the 
rational red or 
sutioned 
the plant 


who may never 


the equation or heard the 


term ‘unit operation’ has probably mace 
all those 


involved in deriving the equation 


more observations himself than 


(on 


sequently, m the chapters that follow, 
the authors | no hesitanev m 


empirical methods where 


Neverthele 


dluctory 
chapter, the tour concepts 
wm the ba 


which t 
ot the varnou e describe 


These are the Material 


ergy Balance, t 


tor the calculation 
Ba imme t! 


of phases or n 
thor tha 
Rates of at 
ing chapter 
the particular 


until searc 


hex ilmeos 


It is that in this 
mtroductory chapter the authors make 
no pretense of tying the unit operations 


imteresting to note 


to chemical engineering 
with the 


One not cog 


nizant various branches of 
engineering would assume the book was 
students of 


meant for all engineering 


the process industries, ¢.g.. chemical, 
mechanical, and metallurgical, as indeed 
it ts and should be 

From a quantitative standpoint the 
first part of the book, five chapters con 
1s probably the weakest 
fault of the authors but 
of the state of the 


art. On the other hand, the descriptive 


cerning solids 
not by 
rather because 
material is well presented and excellently 
iMustrated and 


manutacturers 


with photographs line 


drawings supplied by 

Chapter two on properties of solids 
erves largely as an introduction to the 
subject. A great deal of chapter three on 
screening is devoted to methods of mak 
ing and reporting screen analyses, to 
gether with the significance and evalua 
tion of the analyses. Chapter four on 
size reduction presents excellent descrip 
tive material and illustrations on the 
usual pieces of size reduction equipment 
ranging trom jaw crushers to ball mills. 
\ lew common types of mills, e.g., ham- 
mer mills The dis 
variables of the 


different types of units is especially note 


are not mentioned 
cussion of operating 
Useful manufacturers’ data on 
and 
various units are 


worthy 


capacities energy requirements of 
tabulated. At the end 
of the chapter there is an unusually 
complete list of problems. Each chapter 
in the book, in fact, is 
list of problems, all of 
to the writer and well conceived. Un 


fortunately 


followed by a 
which are new 
several chapters have fewer 
than three problems. The handling of 
olids 
trucks 
hve much more thoroughly than is usual 
i textbook 
Major conveyors and 
considerable empirical data on commer 
discus 


sion of weigh hoppers and scales is also 


including material on imdustrial 
and cranes, is covered in chapter 
chemical engineering 
emphasis ts on 


conveyors are presented 


included 

Che second part of the book deals with 
fluids and is an exceptional addition to 
literature. It 


the chemical engineering 


+ presented in 15 chapters of increasing 


complexity \ complete review of each 


chapter would require more space than 


ivailable, so it is hoped that isolated 
comments which occurred to the 
i through Part 11 will be help 
those desiring to know the scope 
treatment 
introductory chapter or 
of fluids, the authors d 
tv, Reynolds number, and rel 
fluids and solids 


otion between 


tailed consideration ts given im chapter 
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seven on Flow of Solids Through 
Fluids to maximum velocity, types of 
flow, friction factor charts, hindered and 
free settling, and mathematical analyses 
of two-dimensional motion. Chapter 
eight covers Classification and presents 
an excellent description of equipment 
including air 
variety of wet 
tables, and a 
static classification 

The flotation is 


ingly well handled in chapter nine for a 


elutriators, a 
jigs, and 
section on electro- 


classifiers 
classifiers 
short 


subject of surpris- 


chemical engineering textbook. The cal- 
culations for a flotation process are il- 
lustrated by an example in which an 
unusual insight into flotation cell speci- 
fication and operation is presented. 

The discussion on fluid transportation 
begins with a consideration of the en- 
ergy balance and the importance of con- 
Based on this balance, the 
flow equation is derived and its various 


sistent units 
components discussed. In setting up the 
thermodynami« 
learned by the 


balance the concepts 


student in elementary 
physical chemistry are brought in na 
turally and without fanfare, even with- 
out the label of 


namics.” follows a 


Thermody- 
study of di- 
triction tactor 


dimensionless 


awesome 
There 
analysis 
and the 
groups such as the Reynolds and Kar- 
Near the end of the chap- 
ter, special cases, such as Weymouth's 
Equation tor drop 
across tube banks, and the flow of com- 
pressible fluids at moderate 


mensional 
charts,’ various 
man numbers 


Gases, pressure 
velocities 
are analyzed. By this time the value and 


need of thermodynamic considerations 
in fluid flow problems has become ob 
vious to the student 


of 19 problems is appended 


An excellent group 


Measure- 
ment and Flow of Fluids, and Pumping 
The latter 
material on the 


Following are chapters on 


and Compressing with de- 
scriptive construction, 
operating features, and applications of a 
wide variety of pumps and compressors 
is concise and well illustrated 

Chapter fifteen on Gas Flow at High 
Velocity 


proach at its best 


shows the thermodynamic ap 
This chapter covers 
und non 


nozzles, adiabatic, isothermal 


isothermal flow in an excellently bal 
anced treatment using both theoretical 
and empirical calculations 

Having considered the flow of solids 
through fluids and of fluids in pipes, the 
next logical subject is the flow of fluids 
through bees of solid particles. Devel 
opment of the 


with the 


subject starts im chapter 
sixteen 


phase 


flow of a single fluid ‘ 
through beds of regularly shaped 


particles, randomly packed. The con 
and 
then utilized ma 


illustrated example of the 


ot porosity 


explained and 


sphericity are 


generalized 


computations involved the 


flow encountered im 


types ot 
porous beds. The 
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next chapter considers flow of fluids | 


through porous media—two fluid phases. 
Filtration, because it involves primarily 
the flow of fluids through porous media, 
is logically considered under that head- 
ing. The chapter is unusually well bal- 
anced for a treatise on filtration. The 
first half consists of an excellent pre- 
sentation of the design, utility, and oper 
ation of various types of commercial 
filters; the last half treats filter calcula 
tions. The authors are to be commended 
for including calculations on the blower 
requirements of rotary filters. Unfortu- 
nately, the chapter contains no discus 
sion of filter cloth, which could well 
have added to the value of the work 
There is also indicated a widespread 
use of float traps to protect vacuum 
pumps, although usual industrial practice 
calls tor an elevated foam trap and a 
barometric leg. 

In the chapter on centrifugation, the 
section on equipment is both sound and 
comprehensive. The mathematical sec- 
tion is short but contains a few pertinent 
methods of calculation 

Phe final chapter in “Part 11—Fluids” 
covers Fluidization of Solids, a field 
only recently subjected to engineering 
study. In fact, the chapter presented 
here is the first in any text or handbook 
that covers the basic engineering phases 
of the subject. The discussion includes 
particulate fluidization, aggregative 
fluidization, pressure-drop calculations, 
and the transportation of fluidized dis 


pet sed solids 


Comments on Parts lil and IV 
by C. C. Monrad 

Part III covers separation by Mass 
Transfer, the Ideal Stage Concept and 


Part IV 


Rates. These two parts embrace the var- 


Energy and Mass Transfer 


ious diffusional operations and heat 
transfer. The equilibrium stage concept 
is applied in Part III to various mass 
transfer operations where stage equip 
ment is used commercially, such as dis- 
tillation, absorption, extraction, adsorp 
tion and mixtures of these such as azeo 
tropic and extractive distillation, Part 
IV is a development of heat transfer, 
evaporation crvstallization, agitation, 
amd rates of mass transfer and the rate 
concept is applied to some of the opera 
trons previously studied by the stage 
concept 

Part IIT begins with solid-liquid ex 
traction or leaching and general pro 
cedures are developed for calculating 
the stages required, using equilibrium re 
lationships and material balances. This 


is then expanded to liquid-liquid extra 
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MODERN EQUIPMENT 

BOOSTS 

RECOVERY RATE 
20 PER CENT 


213) Healey Bidg 

1540 North Fiftieth 

105S—20! Devonshire 

2138 McCormick Bidg 

2232 Gvildholl 

1546 Lofeyerte Bidg 
Stondard 


2154 Notions! Bidg 


The propane recovery rate at 
the Holliday, Texas plant of the 
Warren Petroleum Company 
has recently jumped from 65 to 
85 per cent. This increase is due 
largely to modern equipment 
which allowed the company to 
raise the absorption pressure 
from 200 to 800 Ibs. per sq. in. 


The principal piece of equip- 
ment in the modernization pro- 
gram is the 4-ft. diam. by 63-ft. 
6-in. high CB&I-built absorber 
shown at the left. The unit is 
designed to recover 90 per cent 
of the theoretical propane con- 
tent of the wet gas. We also 
furnished a high pressure accu- 
mulator and a high pressure 
residue scrubber. The plant is 
piped in such a way that the new 
equipment can be shut down 
without affecting the original 
65 per cent recovery. This 
arrangement is valuable dur- 
ing plant maintenance or 
during periods of low propane 
demand. 


Absorber towers are an ex- 
ample of the special steel plate 
structures we furnish to meet a 
wide variety of pressure, tem- 
perature, and vacuum con- 
ditions. Let our nearest office 
quote on your next job. 


BUILDERS OF 


Elevated Tanks 

Hortonspheres 

Hortonspheroids 

Storage Tanks 

Steel Plate Structures for 
Chemical Plants 


Seartle | 
Tulse 3 


Plants at BIRMINGHAM, CHICAGO, SALT LAKE CITY. and GREENVILLE, PA. 
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IT’S EASY 
TO METER 
OPEN FLOW 


Easy to install, easy to use, easy to keep in tip- 
top working order — that's what users say about Builders Kennison 
Nozzle. For metering all types of sewage, sludge, and trade 
wastes, this Nozzle when used with Builders Instruments gives accu- 
rate flow readings over a wide range of flow conditions. Depend- 
able performance is built-in at the factory — this Nozzle saves 
you time, trouble, and maintenance costs year in, year out. For 
complete information and new Bulletin 135-F2, address Builders- 
Providence, Inc. (Division of Builders Iron Foundry), 419 Harris 
Ave., Providence 1, Rhode Island. 


NOW! The new Half-Section 


Nozzle for 6" lines and flows from 
130,000 down to 5,000 gallons 
per day. 

Full-section Nozzles available 
for lines from 6” to 36”, for flows 
to 18 MGD maximum. 


Builders makes o complete line of flow meters ond controllers for 
hquids, steam, oi, gos. ond dry moterials mechonical and 
diMerential including the Venturi Meter and Chiorinizers (chlor 
ime gos feeders 


BUILDERS) PROVIDENCE 
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tion, where equilibrium relationships are 


more difficult but the operation is still 


temperature. 
he development is carried then to dis 


substantially at constant 


tillation and absorption where vapor is 
contacted with liquid. Since these oper- 
ithons often involve temperature 
changes, energy relationships now be- 
come important an must be considered 
in addition to material balance and equi- 
librium The procedure here is to de- 
velop the energy balance, derive the 
Ponchon-Savarit method for binary dis- 
tillation, and then permit the simpler 
situations involving constant molal over 
flow and vaporization and constant rela 
tive volatility to drop out as special 
cases. The absorption-stripping factor 
procedure Is developed tor ibsorption 
ind distillation and a short introduction 
is given to multicomponent, azeotropic, 
extractive, and batch distillation. Gen 


eral mechanical features of bubble tray 
towers are discussed from the v ewpormnt 
of tray design, pressure drop, stability 
and control 

In Part IV heat transfer by conduc 
tion, convection and radiation ts devel 
oped in rather a conventional fashion 
Conduction is carried to simple cases of 
unsteady heat flow. Radiation to finite 
surfaces and from hot gases is discussed 
quite adequately for undergraduate im 
struction and follows the general pro 
cedure used by Hottel. The treatment 
of convection, although conventional in 
approach, is somewhat lacking im clarity 
and does not show the limitations of the 
various empirical equations suggested. 

I vaporation 1s tre ated rather sketch 
ily, emphasis being placed on a discus- 
sion of the various types ot evaporators 
and on the use of the enthalpy-concen 
tration chart for enthalpy and material 
balance calculations. Crystallization and 
agitation are also treated briefly but 
probably thoroughly enough for under 
graduate training. 

Mass transfer is prefaced by a short 
discussion of diffusion theory and then 
methods of design are developed based 
on coefficients of mass transter and on 
the H.T.U. concept. In general fugacity 
is considered to be the driving force for 
mass transfer operations, but in all ap 
plications it is assumed that partial pres- 
sure or concentration differences will 
suffice. A short discussion of analogies 

tween momentum, heat and mass 

ansfer is also included here but with 

w ay plu tions The development 

transfer is rather cryptic and will 
quire considerable amplification by the 
istructor or resort te other literature 
he treatments of psychometry and dry 
short but probably adequate tor 
raduate instruction 
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LETTER TO THE EDITOR 


THAT “PROFESSIONAL” 
MAN AGAIN 


Sir 


I would like to add to the discussion 
appearing in the June, 1950, issue relat- 
ing to the professional status of chemi- 
cal engineers. For some time now, the 
several national and local organizations 
representing chemists and chemical en- 
gineers have been sponsoring a drive to 
have the chemist and the chemical engi 
neer recognized by others as wotles- 
sional men In my opinion, one of the 
distinguishing characteristics of a “pro 
fessional man” has been neglected in 
the emphasis on technical skill, advance 
traming, education for leadership, etc 

On the basis of what is being stressed 
for chemists and chemical engineers, 
there is little reason why a good garage 
mechanic, a good plumber, a good car- 
penter, or the hke, should not enjoy the 
same rating 

Ihe compelling reason for the drive 
for a professional status appears to be 
that we chemists and chemical engineers 
feel our work is so specialized mysteri 
ous to others, and miraculous in its re 
sults as to warrant the appellation. On 
this ground, the term “professional” car- 
ries no higher meaning than when ap- 
plied to the trades mentioned above as 
well as “professional” baseball players, 
wrestlers, singers, tennis players, golf 
ers, etc. 

The word “professional” has a differ- 
ent meaning, however, when applied to 
doctors and lawyers. Neither of these 
groups has actively campaigned for that 
status by publicizing the fact that it felt 
itself entitled to the rating. Both have a 
specialized training obtained after com 
pletion of college curricula. Both con- 
tinue their education after graduation to 
keep up with changes and developments 


in their respective fields. Up to this 


point our objectives to the achievement 
of a professional status differ only in 
the subject matter. But, lawyers and 
doctors are bound by a strict and rigidly 
enforced code of prot sstonal ethics 
This code is self-imposed and self 
enforced. It governs the doctor and the 
lawver in their relations with clients or 
patients and with fellow doctors and 
lawyers. It-is also designed to protect 
the public from improper action by those 
coming within its purview. Doctors and 
lawyers receive formal education in pro 
fessional ethics, and most adhere 
strongly to the rules. Those that breach 
the code are soon found out and igno 
miniously barred from further practice. 
In my opinion this is a major factor 
contributing to the honor and dignity of 
the legal and medical professions. If 
this is the type of professional status we 
desire, perhaps consideration should be 
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TECHNICAL 


INFORMATION 


Corrosion Resistant 


VALVES - FITTINGS 
CASTINGS - ALLOYS 


N&K Yours for the Asking! 


CATALOG—New 48 page catalog giving full design, with 
drawings on the complete line of Cooper Alloy Stoinless Valves, 
Fittings and Accessories. 


NAMES OF VALVE PARTS—Design drowings identifying 
ports ond the moteriais from which they ore made. 


COMPARISON CHART—2" & %" GATE VALVES—Detoiled 
engineering chart comparing features of leading competitive valves. 


MSS STANDARDS—Stendord Proctice SP-42 gives specifico- 
tions for 150 ib. corrosion resistont cost Flanged Volves, Flonges 
and Flanged Fittings. 

FLOW DIAGRAMS—Sesic discussion of valve 

globe, angle, Y, check ond tonk—with o pl set 

matic sketches to illustrate direction of flow. 

THREADING STAINLESS STEEL—Svggested methods of 
Threading ond Assembling Stoiniess Steel Pipe and Pipe fittings 
ore presented. 

1950 REFERENCE CHART—Comprehensi alysis of 
stainless, corrosion ond heat resistant alloy 
comparative designations, alloy types and nominal onalyses 
CASTING CENTRIFUGALLY IN PERMANENT METAL 
MOLDS—The process ond the foundry techniques developed 
to produce stainless jet engine ring components ore thoroughly 
discussed. 

CORROSION RESISTANCE OF HIGH 
nical data sheet on corrosion + 
nickel castings. 


. STATE ZONE 


The COOPER ALLOY FOUNDRY CO. 


HILLSIDE 5, NEW JERSEY 
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_AUTOMATIC CONTRO 
ENGINEERED DESIGN BY AMMEL- 
EQUIPMENT 


Hammel-Dahi Packless Diaphragm Control Valve, with Stainless Steel 
Bellows Seal, has had four years of continuous service without a failure. 
This type is suitable wherever 18-8 Stainless Steel is used and has the following advantages: 
1, This Valve is a MUST for toxic fluids, 5. The Bellows Seal is rated at 500 PSI, 
where leakage would be dangerous to 750° F. 
plant personnel or property. 6. May be used on air-to-close or air-to- 


. For extremely valuable fluids, where = Valves. J 
leakage means reduced profits. 7. “Exclusive hexagonal valve stem guid- 
ing prevents twisting or damage to 
. Eliminates any possibility of leakage on Bellows on assembly. 
vacuum applications. 8. Suitable for any type valve plug ond 
. Can be applied on all Control Valves any type Globe or Barstock Valve. 
from smallest to largest sizes. *Patent Pending. 


Let us helfe solve your Control Value problem 
HAMMEL-DAHL COMPANY 


243 RICHMOND STREET, PROVIDENCE 3, R. 1., U.S.A. 
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EQUIPMENT 


1 @ IONIZATION GAUGE. For the 
measurement of vacuum down to 
5 x 10-1! mm. of mercury, Westing- 
house Corp. has a new ionization 
gauge based on electronic principles. 
It resembles a triode vacuum tube 
with the filament, grid, and ion 
collector in reverse of the conven- 
tional arrangement. It can be run 
on standard power systems, and in- 
struments with special tabulation 
for direct reading are available. 


2 e HYDRAULIC HAND PUMP. For 
generating pressures manually, a 
two-stage portable force pump using 
two pistons is new with the Baker 
Oil Tools, Inc. Pressures up to 
2500 Ib./sq.in. can be developed 
with the low pressure pistons, and 
up to 6000 Ib./sq.in. with the high 
pressure pistons. The pump is for 
various processing jobs around the 
lant; removing cores from core 
plungers from insert liners, 
and for testing valves, fittings, tub 
ings, casings, etc. 


3 @ STREAM SPLITTER. For breaking 
up single streams of dry, free-flowing 
materials such as chemicals, plastics, 
fiour, fertilizers, etc., the Richmond 
Manufacturing Co. is in production 
with a new stream splitter which 
can divide a single stream into two 
to eight separate and equal streams. 
Capacity adjustments may be made 
from the outside. The machine op- 
erates by having the material strike 
an impeller rotating at approxi- 
mately 300 rev./min. The impeller 
agitates the materia! into a uniform 
cloud which settles into various out- 
lets. 


4 @ GATE VALVE. <A corrosion re- 
sistant flanged gate valve in sizes 
ranging from Y in. to 12 in. is 
new with the Pioneer Alloy Pro- 
ducts Co. Primary service rating is 
for 150 Ib./sq.in. at 500° F. Spe- 
cially designed for petroleum rete. 
ing. chemical processing, pulp and 
paper mills, the model is available 


Mail card for more datap 


in 302, 304, and 316 stainless steel. 
Teflon packing is used. 


5 © HAMMER MILL. New with The 
Bauer Bros. Co. is a hammer mill 
developed by them and a special re- 
search group at Ohio State Uni- 
versity. Total power input from 
55 to 90 h.p., 1750 rev./min. Has 
a direct-driven exhauster, pressure 
feeder, remote control, magnetic 
separator. Screens may be changed 
without stopping the mill. Bulletin 
available. 


6 @ PILOT PLANT KETTLE. A new ket- 
ule for pilot plant and small batch 
use designed by the Chaffee Design 
and Manufacturing Co., features a 
completely self-contained unit in 
steel table frame. built-in 
motor to drive scraper-agitator, 
for recirculating contents. 
nsulated, thermostatically con- 
trolled gas heat. 


7 @ DRI-JAR. For preservation of 
specimens—metallurgical, chemical, 
biological, etc., Bethlehem Appar- 
atus Co. makes a new container for 
storing material in a dry atmos- 
phere. Called a Dri-Jar, it consists 
of wide-mouthed glass jar 3 in. in 
diameter, 7 in. high with a screw 
lid. Rigidly suspended from the lid 
is a series of four metal storage 
shelves. Material placed on the 
shelves is kept dry by a laver of 


desiccating material in the bottom 
of the jar. 


8 @ COUNTER FOR RADIOACTIVE 
LiQuiDS. To simplify work with 
solutions containing radioactive ma- 
terials, Nuclear Instrument and 
Chemical Corp., features a counter 
with a special Marinelli-type beaker. 
Geiger tube used as a dip counter. 


9 @ CONTINUOUS BLOW-OFF. For 
removing concentrated impurities 
from boilers by means of blow-off, 
the Uniblow Valve Co. developed 
a continuous system of draining 
boiler waters, 4 in. to 6 in. below sur- 
face. Uses a control disc with 15 cali- 
brated orifices which may be quickly 
adjusted to permit any required 
flow. The orifices are indexed in 
pounds of water per hour and are 
rotated depending upon the con- 
centrations of solids in the boiler. 
Sediment chamber protects the ori- 
fices. To 1000 Ib./sq.in. 


10 @ PUMP WITH EXCHANGEABLE 
ROTORS. To reduce time of pump 
maintenance, DeLaval Steam Tur- 
bine Co. will be in production in 
September with a new type GS 
pump. All parts except pump cas- 
ing are contained in a rotor assem- 
bly which can be removed for main- 
tenance and repair work outside of 
the pump. A new rotor assembly 
can be dropped into the pump cas- 
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ing, so that the down ume is re- 
duced. Three sizes for capacities to 
450 gal./min. and tiny up to 
250 ft. 


11 SELF-PRIMING PUMP. Goulds 
Pumps, Inc., have patented a new 
line of self-priming centrifugal 
pumps. The pumps have no valves, 
no priming reservoir, and are made 
in sizes from Y hp. to 5 hp. with 
open and closed impellers. Capaci- 
ties of 120 gal./min. and heads to 
135 ft. 


12 @ PROPORTIONING VALVE. For 
lines and equipment requir. 
ing straight line proportional flow, 
W. S. Rockwell Co, has designed an 
automatic control valve using a 
slide valve in a rectangular orifice. 
As the slide is moved over the open- 
ing, the flow is directly proportional 
to the open area. Made from vari- 
ous metals, and built for pipes from 
4% in. to 2 in, pressures to 300 
Ib. /sq.in. 


14 @ SMALL WATER SOFTENER. A 
zeolite softener for small boiler and 
industrial plants, with requirements 
under 100 gal./min. is newly de- 
signed by Cochrane Corp. In sev- 
eral different sizes, various types of 
water-softening materials — zeolite, 
green sand, synthetic resins, etc. 
Diameters of tanks varies from 12 in. 
to 48 in., heights from 5 ft. to 6 tt. 
Bulletin available. 
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CHEMICALS 


20 ETHYLENE TRITHIOCARBONATE 
Stauffer Chemical Co. in production 
with this compound. For use as an 
intermediate in the manufacture of 
organic chemicals, in the vulcaniza- 
tion of rubber, as a flotation agent, 
sulfur solvent, and as an ingredient 
for pressure lubricants. More data 
on physical properties, reactions, 
etc., available from the company. 


21 © ROSIN ESTER. A data sheet on 
fortified rosin ester in wax emul- 
sions, from the resinous products 
division of Rohm & Haas . The 
rosin ester is used to give leveling 
and high gloss properties to wax 
emulsions, eliminating high — 
and streaks. Publication gives phys 
ical te methods of prepar- 
ing emulsions, etc. 


22 ¢ SODIUM DISPERSIONS. To give 
rapid, easily controlled sodium re- 
actions, the National Distillers 
Chemical Corp. has evolved a new 
technique of making fine subdivi- 
sions of sodium, in inert media such 
as toluene, xylene, kerosene, etc. 
The corporation has prepared typi 
cal equipment layouts for users’ 
guidance; has developed a special 
colloid mill setup for production of 
large quantities of sodium disper- 
sions. According to the company, 
the use of sodium is facilitated since 
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reaction temperatures are lowered. 
Reactions listed. 


23 PRECISION INSTRUMENT OJLS. 
For precision instruments, Gulf Oil 
Corp. through its Research Fellow- 
ship at Mellon Institute, has devel- 
oped a special instrument oil and a 
microbearing oil, wholly synthetic, 
which are p Bak for special use 
on delicate, low-torque bearings en- 
countered in precision instruments. 
Oils have no creeping or spreading 
tendencies and stay where placed. 
Resistant to oxidation, low in vola- 
tility, with a minimum of gumming. 
Packaged in 5 cc. bottles. 


24-25 @ ALIPHATIC AMINES. Two 
new primary aliphatic amines, ter- 
tiary-octylamine and Alkylamine 81 
(a mixture of highly branched pri- 
mary amines with the number of 
carbon atoms varying from 12 to 
15), are new with the Rohm & Haas 
Co. (24) has a boiling point of 
140° C., and (25) Alkylamine 81 
has a boiling range of 220° to 260° 
C. Both are supplied as liquids. 
Physical data and information are 
available in company bulletins 
which give uses in the synthesis of 
insecticides, bactericides, wetting 
agents, textile finishes, detergents, 
pharmaceutical and corrosion inhib- 
itors for metals. 


26 ¢ HOMOPHTHALIC ACID. By the 
Smith-New York Co., Inc., homoph- 
thalic acid a synthesis of a product 
which occurs naturally in gum gam- 
boge resin. Data sheet gives physical 
properties, reactions, etc. 


27 « HEXYLENE GLYCOL. Shell Chem- 
ical Corp. has a new booklet on 
hexylene glycol describing the solv- 
ent power, coupling ability, and 
other general properties of this 
petroleum-derived organic chemical. 
Applications to brake fluids, print- 
ing inks, as a coupling solvent in 
wood treating, etc., physical proper? 
ties, specifications, stability, etc., are 
all given in this 28-page bulletin. 


28 © ISOPROPYL BENZOATE. Com- 
mercial quantities of isopropyl ben- 
zoate are now being manufactured 
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by Carbide & Carbon Chemicals Di- 
vision. Used as a raw material for 
alkyd resins and as a solvent for 
inks and dyes. 


29 @ DHQ. Edwal Laboratories, Inc. 
are in pilot plant production of 2.5- 
Dihydroxy |,4-Benzaquinone. DH 

forms a stable connie with meta 
ions, and will be used as an anti- 
oxidant and stabilizer in plastics 
and oils, as an organic carrier for 
heavy metals. Data sheets available. 


30-31 @ ALKYL PHOSPHATES. Mon- 
santo Chemical Co. with two data 
sheets on alkyl phosphates,—both 
the alkali and acid types. Both give 
physical properties of various phos- 
phates. (30) covers the alkali group 
of ammonium ethyl phosphate, 
amyl potassium sodium phosphate 
and various others. The acid book- 
let (31), covers methyl acid phos- 
phate, ethyl, n-propyl, etc. Typical 
physical values are given for each 
of the compounds along with sug- 
gested uses, how shipped, etc. 


BULLETINS 


35 @ AUTOMATIC TITRATOR. A tech- 
nical bulletin and price sheet on 
Beckman automatic titrators, by the 
National Technical Laboratories. 
Gives complete details about the 
construction of the automatic tit- 
rator which utilizes potentiometric 
methods. Has accuracies up to 
0.1%. Does neutralization, oxida- 
tion-reduction, precipitation, and 
special titrations. 


36 © STEEL-BELT CONVEYORS. For 
handling foods, chemicals, bakery 
roducts, etc., Sandvik Steel, Inc., 
oes issued a bulletin describing its 
steel belt conveyors. Either carbon 
or stainless steel, with flat or 
troughed belts, with or without 
cooling. Standard sizes from widths 
of 8 in. up to 16 in. The bulletin 
shows many features including a 
patented water bed conveyor. 


37 e HIGH PRESSURE CONTROL 
VALVE. Diaphragm valves for con- 


FOR FREE DATA 


trol purposes with a valve position 
indicator, stainless steel plug stems, 
guide bushings, seat = etc., are 
the subject of a new bulletin by 
Mason-Neilan Regulator Co. Sizes 
from 1 in. up to 2 in. with ratings 
from 1000 to 3000 Ib./sq.in. for 
globe types, and 1500 to 6000 Ib./ 
sq.in. for angle types. Diaphragm 
motor is air operated with a dia- 
phragm of neoprene rubber. 


38 PNEUMATIC TRANSMITTER. 
For measuring pressure, vacuum, 
specific gravity and liquid level, 
Instruments, Inc., describes in a new 
bulletin its F-C Series 5000 trans- 
mitter. The principle used is a 
force balance air flow. Five differ- 
ent unit assemblies for various ap- 
plications. Range of measurement 
and data given. Covers specifica- 
tion, applications, and diagrams 
show the installation for various 
applications. 


39 @ INFORMATION BULLETIN. J. F 
Pritchard & Co., an engineering con- 
struction firm, has a descriptive bul- 
letin showing what services it offers 
to the chemical, gas, petroleum and 
power industries. Illustrated, shows 
typical construction of the units, 
types of plants, as well as equipment 
manufactured. 


40 @ MINIATURE BULLETIN. A new 
idea in industrial bulletins from 
the Sturtevant Mill Co. shows min. 


iature reproductions of all the bul- 
letins it offers. Full-size bulletins 
will be sent upon request, and this 
particular offering covers crushing, 
grinding, separating, elevating, con- 
veying, and mixing machines made 
by the Sturtevant Co. The bulletins 
give typical data for all the equip- 
ment described. 


41 @ ANTI-CORROSION WHITE. A 
white enamel for inside or outside 
application in corrosive situati 
is described in a new bulletin 


the Prufcoat Laboratories, I 
Water-proof and non-toxic. 
value in laboratories, chemi 


plants, food plants, etc., 
white surface that resists corrosi 
action (acid, alkali) is needed. 


42 ALUMINUM HEAT-EXCH 
TUBES. Aluminum Co. of Americ 
in an extensive bulletin on alu 
num heat-exchanger tubes made 
A.S.T.M. specifications B23448 
Shows fabrication and discusses i 
hibitors, cathodic protection, tu 
cleaning, application to heat 
changers, chect of corrosive che 
icals on aluminum, how to desi 
and fabricate a heat exchang 
fluid-flow characteristics, etc. E 
tensive tables of data and worki 
pressures, tensile properties, etc. 


43 @ DISTILLATION ENGINEER! 
A bulletin on the process desig 
of distillation processes and equip 
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ment from Vulcan Copper & Supply 
Co. Covers packed column, sieve 
tray, bubble cap, etc. Column siz- 
ing, design factors, equipment fab- 
rication, and mechanical design are 
discussed. 


44 @ WIRE CLOTH. An 85-page bul- 
letin by The Cambridge Wire Cloth 
Co. on applications of wire cloth, 
metallic screens, etc. Bulletin covers 
data on types of weave, gives physi 
cal properties, as well as weights 
areas and sizes, for all weaves. Pic. 
torializes products made. Has an 
extensive discussion of metals and 
alloys and corrosive properties and 
other engineering tables. 


45 @ 46 @ 47 @ VARIDRIVE MO- 
TORS. For the plant with the need 
to incorporate varied speed in driv- 
ing equipment such as agitators, 
ns, etc., three pamphlets from the 
S. Electrical Motors, Inc., de- 
ribing the Varidrive motor, wiil 
» of help. The first (45) describes 
achine production. Speeds are in 
vite from | to 10,000 rev. /min. in 
4 to 50 hp motor, Use a micro 
xed control which changes the 
mstant speed of the motor to vari 
ble speeds at the take-off shaft 
) gives more data and shows the 
mstruction of the motor, the prin 
iple of operation, plus photographs 
its (47) describes 
ne regular line of motors by this 
including the Varidrive, 
nchrogear, and others 


@ PIPING PRODUCTS. \ huge, 
page catalog of piping products 
mde by the Midwest Piping & 
upply Co., Inc., covers fit 
ings, forged steel flanges, prefabri 
ated piping, pipe coils. Physical 
ata, weights, dimensions, strengths 
all products, plus A.S.T.M. speci 
cations tor types of pipe, chemical 


analysis, allowable stresses, design 
formulas, etc. 


49 @ CENTRIFUGAL PUMP CATALOG. 
Tri-Clover Machine Co, catalog on 
centrifugal pumps for sanitary use. 
Describes use of pump. Charts on 
loss of head due to friction, viscosity 
of fluids, conversion charts, and a 
brief section on correct hookup of 
centrifugal pumps for suction and 
discharge. Capacity curves are 
given. 


50 « COST COMPARATOR. For 
comparing the material costs and 
properties of plastics and alternate 
materials such as aluminum, zinc, 
copper, nickel, wood, steel, etc., the 
plastics division of Monsanto Chem- 
ical Co. has a two-dial Compara- 
tor which gives easy reference to all 
plastics and 11 other structural and 
fabricating materials. The Com- 
parator tells the specific gravity, cost 
per pound, cubic inch per pound, 
cost per cubic inch of plastics mold- 
ing powders and the alternate ma- 
terials 


51 @ RADIANT GLASS PANELS. \ 
new concept as a heat source for in- 
dustrial application, is described in 
a bulletin of the Corning Glass 
Works, on radiant glass panels. Es- 
sentially, Pyrex glass with an clec- 
trically conducting coating on the 
surface. The radiation panel has 
been used in industrial applications 
such as yarn drying, drying lacquer, 
xtroleum dehydration, and the bul 
fake suggests other uses. Standard 
sizes and ratings are given. Can be 
made to operate on 115 to 230 ac. 
voltage. Size and shape of the glass 
may be varied. Electrical resistance 
of the coating can be controlled 


52 @ BULK STORAGE OF PILASTI- 
CIZERS. The Monsanto Chemical 


No 
Postage Stamp 
Necessa: 


ry 
If Mailed in the 
United States 


S REPLY CARD 


S890. See. 349, & Mow York, 


Chemical Engineering Progress 
120 East 41st Street 
New York 17, 
New York 


Co, issues another technical bulle 
tin on storage of tank-<car quanti- 
ties of chemicals. This describes 
how to store plasticizers. Briefly 
outlines a system, includes drawings 
of typical equipment, arrangement, 
data on various properties of plasti- 
cizers. 


53 @ LIQUID-LIQUID EXTRACTION. 
An Ouo H. York Co., Inc., publica- 
tion on the York-Scheibel liquid- 
liquid extraction equipment. The 
Scheibel extraction column makes 
use of mechanically agitated mix- 
ing sections, followed by packed set- 
tling sections. Bulletin covers the- 
ory, gives data on operation, de- 
scribes separation, number of 
stages, etc. 


54 @ EYE PROTECTION. A special 
hlet for the chemical industry, 
y American Optical Co., which 
suggests types of eye protection to 
use. Lists chemicals and relates 
them to the severity of eye injuries. 
Bulletin is rounded out with the 
various types of chemical goggles. 


56 @ 57 @ SELF-LUBRICATING PACK- 
INGS. For seals on pumps, valves, 
shafts, etc., Greene, Tweed & Co. 
have —- two new bulletins 
on self-lubricating packings. (56) 
Several different types of solvents, 
noncontaminating pump service, 
cold water, acid handling, alkali, 
steam water, etc. Also a_ bulletin 
(57) on sheet packings, asbestos, 
fiber, blue-asbestos, red-rubber, etc., 
for all applications requiring pack- 
ings and gaskets. 


58 @ MIXERS. A high capacity, motor 
driven mixing unit which can be 
fitted to a varietry of tank sizes, 
is described in a new Dorr Co. bul- 
letin on flash mixers, Used for rapid 
diffusion of chemicals through water. 
The impeller is of the turbine type 
and the mixer is designed to work 
on tanks that have either underflow 
feed or side feed. Bulletin also de- 
scribes Dorr Flocculators, etc. 


59 @ PIPE LINES OF AMERICA. A pic- 
torial manual by the Nordstrom 
valve division of Rockwell Manufac- 
turing Co., on the pipelines in the 
United States, moving natural gas, 
crude oil and products. The book 
covers Nordstrom valve design; 
shows the basic principles and other 
data on this type of valve, gives 
dimensions and availability, plus 
data on operations of the valves in 
pipelines. Page after page of illus- 
tration of typical pipelines, valve in- 
stallations, makes for a manual that 
should be of interest to all engineers 
in the pipeline field. 
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LETTER TO THE EDITOR 
(Continued from page 23 


given to a code of ethics, formal train- 
ing in that code, and strict enforcement 
Of it. If mere skill, excellence in work 
manship, degree of training, etc., are the 
extent of our efforts, then the fact that 
we have a measure of skill and use it to 
make a living has long prior to this time 
conferred the name of “professional” 
upon Us. 

Robert A. Sturges 
July 3, 1950 Solon, Ohio 


1949 BOOK OF A:S.T.M. 
STANDARDS ISSUED 
The 1949 Book of A. S. T. M. Stand 
ards in six parts is now available. It 
covers more than 8000 pages, and gives 
in latest approved form 1550 standards, 
specifications. tests, definitions, etc. Each 
part is complete with detailed subject 
index, two tables of contents, and ar- 
ranged to provide technologists and 


others in industry and government with 


usable hook 
The six parts cover the following: 
Part 1. Ferrous Metals 
Part 2. Non-Ferrous Metals 
Part 3. Cement, Concrete Ceramics 
Thermal Insulation, Road and 
Waterproofing Materials, Soils 
Part 4. Paint, Naval Stores, Wood, Ad- 
hesives, Shipping Contamers 
Paper 
Part 5. Textiles, Soap, Fuels, Petrol 
eum, Aromatic Hydrocarbans 
Water 
Part 6. Electrical Insulation, Plastics, 
Rubber 
\ complete set of all six parts costs 
$54. Parts can be purchased separately. 
As a service with the 1949 Book of 
Standards there is a complete Index to 
Standards, which is furnished without 
additional charge. Copies may be ob 
tained from the American Society for 
Testing Materials, 1916 Race Street, 
Philadelphia 3, Pa 


CH. E. STUDENT GETS 
T.U.’S 50,000 DEGREE 
The 1949.50 president of the campus 
chapter of the American Institute of 
Chemical Engineers recently received 
the 50,000th degree conferred by the 
University of Texas. He is Jack Keller 
of Dallas, a chemical engineering stu- 
dent. Departing from the custom of 
conferring degrees en masse upon can- 
didates from the university's schools and 
colleges. officials called Keller from the 
college of engineering group for a spe- 
cial citation. President T. S. Painter 
presented Keller with a letter of con 
gratulations and best wishes written per 
sonally by him on parchment. The award 
came as a complete surprise to Keller 
whose name, listed alphabetically on the 
Commencement program, made him au 
tomatically the recipient of the univer- 
sity’s 50,000th degree 
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Actual users who compared Annina 
Domotor Valves with other standard 
valves report savings of 83% in 
maintenance costs. They learned from 
experience that the built-in rugged- 
ness and simplified maintenance 
features of Annin Domotor Valves 
assure long, efficient, trouble-free 
service. 


Were are The Reasons: 


THEYRE SINGLE SEATED — Annin Domowr Valves are 

of proven, simplified single-seat design. The smooth, 

curved contour of the flow passages, without pockets or 
shoulders, provides free, uninhibited fluid flow for effective 
control of slurries, sludges and viscous fluids. Pressure drop 
and turbulence are reduced to a minimum and flow capacity 
greatly increased. The valve seat, clamped in position 
between the two sections of the separable valve body, absorbs 
all line stresses in shear for greater valve strength. 

Simplified construction cuts valve body weight by over 50%. 


THEY'RE CORROSION AND EROSION RESISTANT 
Annin Domotor Valves are available in the alloy that will 
give longest valve life under severe corrosive, erosive, or 
gaseous conditions. The wide range of alloys offered includes: 
Cast Carbon Steel, Cast Type 316 Stainless, Hasteloy 

Band C, Monel, Ampco 15, Annico 20 (D 20), Zinc Free 
Bronze, 98% “A” Nickel and almost any castable alloy. 

High velocity fluids are efficiently handled at temperatures 
from — 300° F to 1,000° FE. and pressures to 2,500 Ibs. 


THEYRE SIMPLIFIED FOR FAST, ON-THE-JOB 
MAINTENANCE — Any part of the Domotor valve body 
assembly or operating unit may be replaced or repaired 
while in the line, for maximum maintenance economy. 
Interchangeable line flanges make possible the use of a 

single valve anywhere in your plant, irrespective of system 
pressure. The separable valve body construction with 
threadless valve seat assembly permits immediate, on-the-job 
replacement or repair of the valve seat plug and stem 
without special tools or shop operations. 


The floating, threadless valve stem guide, the only other 
wearing unit in the body assembly, is readily replaced by 
simply removing the valve stem packing. All parts of 

the Domotor assembly are made accessible by removing 
the snap ring which holds the unit together. Sealing “O” 
rings with molded-in lifetime lubrication, provide long 
wearing life of the operating assembly. 


Write today for this bulletin. 
A new bulletin showing installation and operating features 
of the Domotor Valve will be sent to you upon request. 


THE ANNIN COMPANY 
3500 Union Pacific Avenve 


sorte 


“Aunin Domotor Values 
a 
Los Angeles 23, California ©> 
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CANDIDATES FOR MEMBERSHIP IN A.|I. Ch. E. 


The following is a list of candidates 
for the designated grades of member- 
ship in A.LLCh.E. recommended for elec- 
tion by the Committee on Admissions. 

These names are listed in accordance 


mittee on Admissions, The names of all appli- 
cants who have been approved as candidates by 
the Committee on Admissions, other than those 
of applicants for Student membership, shall be 
listed in on official publication of the Institute. 
If neo objection is received in writing by the 
Secretary within thirty days after the mailing 


in confidence, and make recommendations to the 
Council regarding the candidate 


Objections to the election of any of 
these candidates from Active Members 
will receive careful consideration if re- 


with Article III. Section 7, 


Election to membership shall be by vote of 
upon recommendation of the Com 


the Counet! 


APPLICANTS FOR 
ACTIVE MEMBERSHIP 


R. Bennett, Bay- 
Charlee A. Blaisdell, Chico- 


pee Falls, Mass. 
Francis H. Bratton, wil. 


A. J. Brockwell, Stockton- 
on-Tees, Engl 
N. Butler, St. Louis, 


S. L. Carter, Boston, Mass. 
Peer Huntington, 


Copeland, Wil- 
mington, 

Lawrence J. 
New York, A 

Robert 5S. Ne. Palo 
Alto, Calif. 

Joseph A. Dennis, 
Gate, Calif. 

Fellinger, St. 


Robert W. Gaines, 
Haven, Conn. 


Galley, Penfield, 


Marshall C. Guthrie, Jr., 
Charleston, W. Va. 

Richard W. Heckman, 
Downey, Calif. 

Ray Hopkins, Argo, 


South 
Louis, 


New 


Fenmore C. Hoshour, 
Berkeley, Calif. 

Paul H. Kimpel, S¢. Louis, 
Mo. 

Charles O. King, Chatta- 
nooga, Tenn. 

Bruce G. Nanney, Canton, 
N.C 


Fred C. Newhart, Bartles- 
wille, Okla. 

William W. Palmauist, 
Cleveland, Ohio 

M. M. Rama Rao, Bombay, 


ia 

Harold W. Scheeline, Lin- 
den, N. J. 

Hane G. Schleicher, 
City, Tex 

Arch Chilton Scurlock, 
Alexandria, Va. 

John M. Seabrook, Bridge- 
ton, N. J. 
John Shacter, 

Tenn 
Randall D. Sheeline, 
Arlington, Va. 
Irving Shultz, New York, 
N.Y 


Texas 


Oak Ridge, 


R. Philemon Stout, 
delphia, Pa. 

W. C. Strader, Baton 
Rouge, La. 

Lynn R. Strawn, Port 
Neches, Tex. 


Phila- 


of the Con- 
stitution of A.L.Ch.E. which states 


Admissions 
for euch objection, 


Robert 
Tex 


Eiser West, 


E. Weis, Phillips, 


Wilmington, 
Del. 
J. ps Zeigler, Jr., Joliet, 


APPLICANTS FOR 
ASSOCIATE 
MEMBERSHIP 


Robert J. Armstrong, 
Austin, Tex. 

Melbourne L. Jackson, 
Boulder, Col. 

James F. Elrod, El Dorado, 
Ark. 

J. First, Chicago, 
u 

Pel- 
ham, N.Y. 

George C. Hahn, Denver, 
Col 


H. R. Kamath, Brooklyn, 
N.Y. 


Vernen Gutman, 


Lester R. Sagar, Evanston, 


Jerome C. Wrobleski, 
Texas City, Tex. 


APPLICANTS FOR 
JUNIOR 
MEMBERSHIP 
James Alexander, Port 
Arthur, Tex. 
George B. Allen, Man- 
chester, Conn. 
Joseph P. Alien, 
Pa. 

Umberto Ancona, New 
York, N. Y. 

Cyril C. Be. 
Orange, N. J. 

Alan Bates, Auburndale, 


Easton, 


Mas 

Frederick M. Bertsch, Liv- 
ingston, N. 

Joseph H. Bilberry, Jr., Col- 
lege Park, Md. 

B. G. Brawley, Decatur, 

a. 

William J. Burmeister, 
Whiting, Ind. 

Joseph Sherman Busch, 
Frederick, Md. 
Chian-Yuang Chen, 

cuse, N.Y. 
Cc. O. Chichester, Rich- 
nd, Calif. 
Theodore D. Cleary, E. St. 
Louis, iit. 


wey L. Cook, Bronx, 
R. S. Cornell, Montreal, 


Syra- 


Cam- 


Wash- 


Jacper J. Correnti, 
bria Hts., N.Y. 
Charles T. Cross, 


ington, 
Samuel Dane, ‘Cuyehoga 
Falls, Ohio 


date of the publication, 
elected by vote of Council 
election of any candidate is received by the 
Secretary within the period «pecified, said ob- 
jection shall be referred to the Committee on 
which shall investigate the cause 
holding all communications 


they may be declared 
If an objection to the 


Roy Davis, Milford, Ohio 

Lester R. Dawson, So. 
Houston, Tex. 

Louis H. T. Dehmlow Ill, 
Chicago, Ill. 

James F. Derry, Forrest 
Park, lil. 

Anderson Dye, Urbana, 
Ohi 


Wilson L. Dyer, Texas 
City, Tex. 

Leslie Ivan Edgecomb, 
Knoxville. Pa. 

Henning W. Eklund, 
Houston, Tex. 


Peter Eustis, W. Norfolk, 


a. 

Syed Fareeduddin, Ann 
Arbor, Mich. 

Oscar James Fisher, 
Chicago, 

Leonard O. Frescoln, 
Euclid, Ohio 

Carl W. Fullerton, Phila- 
delphia, Pa. 

Hal G. Garner, Carthage, 
Mo. 

Lester C. Jr., New 
Orleans, La. 

Alice H. Goldberg, Los 
Angeles, Calif. 

Arvid W. Gorline, St. 
Louis, Mo. 

George A. Green, Niagara 
Falls, N.Y. 

Robert A. Hard, Cam- 
bridge, Mass. 

Harold W. Herbert, 
land, Mich. 

Howard Alfred Hittner, 
Brooklyn, N. Y. 

Alexander W. Hodge, 
So. Ozone Park, N. Y. 

Edgar Howard Hoffing, Los 
Angeles, Calif. 

John Isler, Jr.. W. Lafay- 
ette, Ind. 

George D. Kellen, Jr., Val- 
dosta, Ga. 

Arthur J. Kerbecek, Jr., 
Glenwood Landing, L. 
N.Y. 


Mid- 


Lynn R. Kinnamon, Phila- 
delphia, Pa 

Roger B. Knowles, Sha- 
mokin, 


‘a. 
Charles A. Lavery, Tulsa, 
Ok! 


a. 
Robert Wayne MacDonald, 
Baton Rouge, 
Jehn L. Macintyre, Aurora, 


Michael N. Mallis, Balti- 
more, 


Monroe Malow, Beacon, 
Alston Zz Manning, Glen- 


coe, iil. 
Bernardo J. G. Mascaren- 
ban, Rio de Janeiro, 


razil 


ceived before 
Office of the Secretary. 
stitute of Chemical Engineers, 120 East 


41st St.. New York 17, 


Sept. 15, 1950, at the 
American In- 


Joseph A. 
Brooklyn, N. 
Harold W. Lan- 


der, Wyo. 

Herbert C. McKee, Co- 
lumbus, Ohio 
Robert . Michel, Wood- 

haven, A 
A St. Albans, 


w. 
Donald F. Molino, 
N.Y. 


Lyman W. Morgan, 
hogee, Okla. 

John D. Mueller, 
Rouge, La. 

David R. Nalven, Newton, 
Conn. 

Robert A. Nance, 
ville, So. Carolina. 

Robert J. O'Donnell, /ngle- 
wood, Calif. 

L. P. Pasquier, Oak Ridge, 
Tenn. 

Ernest Maxim Peres, Jr., 
New Orleans, 
Robert E. Perry, 

N.J 


Troy, 
Mus- 
Baton 


Harts- 


Verona, 


Edward R. Peterson, E. St. 
Louis, 

R. Walter Peterson, Jr., 
Ann Arbor, Mich. 

John A. Prevel, 
Mich. 

Ohio 

Kenneth Raven, 
Tex. 

H. Robert Sanders, Black- 
burg, Va. 

Frederick Ho- 
boken, N. J. 

Edward B. Saubestre, Elm- 
huret, 

Herbert G. Schultz, Jr., E. 
Chicago, Ind. 

Robert L. Schwenkmeyer, 
Los Angeles, Calif. 

Karl G. E. Sharke, Troy, 


Detroit, 


Rathi, Columbus, 


Victoria, 


Curtis Smith, Whiting, 
Ind. 

Harold P. Smith, Hamden, 
Conn. 


Peter W. Smith, Cleveland, 


A 
Robert "Stabler, Chadds 
Ford, Pa. 
Norbert F. Stasiak, Buffalo, 
we 


Ernest Steinmann, New 
York, N. Y. 


Edward Stern, Baltimore, ‘ 
Md. 


Arthur J. Stock, Detroit, 
Mich. 
Robert E. Stroup, St. Louis, 
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de 
7 
“4 mington 
é Arthur R Broadman, New 
- 
i 
hy 
: 
10 
Lo Hugh Spencer Niagara 
| 
ee ‘ 


John F. Tattersall, Pitts- 
burgh, Pa. 
George W. Taylor, Jr., 


Bethlehem, Pa. 
Jay Stephen Thorpe, Balti- 


H. Valencia, Caracas, Mich. 

Venezuela George Edward Wise, Jr., 
William H. Weldon, Trail, Syracuse, N. Y. 

(B. C.), Canada Franklin W. Wyatt, Chi- 
James R. Flint, 


rook, N. J. Wirt, cago, iil. 


SECRETARY’S REPORT 


HE Executive Committee met at the 
Offices of the Institute July 7. The 

Minutes of the June meeting of the Ex- 
ecutive Committee, the Treasurer's 
Report, and bills were approved. 

Because no adverse comments had 
been received on any of the candidates 
listed in the June C.E.P. all those whose 
names appeared there were elected to the 
grades of membership as indicated 

Paul B. Stewart was added to the 
Chemical Engineering Education Pro- 
jects Committee, and V. D. Donihee and 
J. M. Mallory were added to the Mem 
bership Committee. C. C. Furnas, J. C. 
Lawrence, R. H. Marks and I. E. Miller 
were added to Public Relations Commit 
tee 

G. Beyer of lowa State College was 
appointed counselor of the student chap- 
ter to succeed B. F. Ruth; also D. C. 


Davis was appointed counselor of the 
student chapter at the University of 
Denver to succeed L. E. Savory 


Six resignations from membership 
were accepted and one election was re- 
scinded 

Following the meeting the agenda for 
the Council meeting was reviewed and 
many items discussed 

The Council met at The Chemists 
Club on the afternoon of July 7 and 
after disposing of the routine matters, 
the regular agenda was followed. The 
first item was Student membership and 
the following were approved as the rules 
governing Student membership 


Annual dues shall be $1.00 and mem- 
berships shall expire on Dec. 31. The 
dues would not be prorated in cases 
where the membership term was less 
than one year 

There shall be no entrance fee 
Student members shall have the priv 
ilege of subscribing to C.E.P. at the 
special rate of $3.50 a year on a cal- 
endar year basis. This subscription 
rate shall be prorated in the case of 
subscriptions running less than one 
year 

The emblem (badge, charm, or pin) 
should be sold on the same basis as 
are the emblems for the other grades 
of membership 

If a Student member applies for 
Junior membership prior to the ex 
piration of his Student membership he 
shall pay as entrance fee the difference 
between the dues paid as a Student 
member and the Junior membership 
entrance fee 

The student registration fee at reg- 
ional and national! Institute meetings 
shall not be waived 

Student members shall be eligible to 
participate in the activities of local 


sections on the same basis as the mem- 
bers of all other grades. 

Conditions under which the Student 
members participate in meetings ar- 
ranged by or for student chapter mem- 
bers shall be determined by those ar 
ranging for such meetings 


The Council also voted that the Stud- 
ent membership would be given to that 
member of the Junior class who had the 
highest scholastic standing in his fresh 
man and sophomore years. 

W. E. Lobo was present at Council by 
invitation to present a proposal that the 
Institute establish a Committee on Re 
search. The duties of this Committee 
would be to determine the specific fields 
of chemical engineering in which fun- 
damental research should be carried on; 
and to sponsor such research with the 
financial industry 
which would be particularly interested in 


assistance of the 


the research project and to whom the 
data obtained would be of value. It was 
voted that a Committee on Research be 
established and that W. E. Lobo act as 
chairman of this committee, and that he 
suggest for appointment additional per- 
sonnel for the committee. 

Council has had before it for some 
time the question of the remission of 
dues of members under certain specific 
circumstances and the following has 
been set up as a bylaw: 


Remission of Dues 


The Council by a two-thirds vote may 
remit dues of any member where the 
circumstances justify: (Present by- 
laws.) 

After payment of dues for a period 
of 25 years, a member who feels he is 
unable to continue payment of dues 
may, upon his written request, have 
his dues remitted with retention of 
membership in good standing 

A member who has been automatically 
retired (usually between the ages of 60 
and 70 years) or who has been re- 
tired from active service by reasons of 
health may, upon his written request, 
have his dues remitted with retention 
of membership in good standing 
Members whose dues have been re- 
mitted shall be entitled to subscribe to 
publications of the Institute at the reg 
ular member rate 

All cases for remission of dues shall 
be considered on an individual basis 
by the Executive Committee, which 
shall make appropriate recommenda 
tidn to Council for action 


The Secretary reported that 21 Active 
members, 4 Associate members and 133 
Junior members had not paid their dues 
for 1949 and 1950; therefore the action 
of the Council was in accordance with 


the Constitution to discontinue these 
memberships. 

Secretary reported that a check in the 
amount of $542.28 had been received 
from the committee handling the affairs 
of the Houston Regional Meeting and it 
was voted that this amount be credited 
to the Institute Meetings Account. 


Suggested Nominees for 1951-53 
Directors 

In April issue of C.E.P., p. 36, a notice 
appeared advising each of the local sec- 
tions to suggest the name of a possible 
nominee for one of the four elected di- 
rectors for a three-year term, starting 
Jan. 1, 1951, and stating that the nomi- 
nations so obtained would be published 
in the August issue. 

The purpose of this is to aid the mem- 
bers in the selection of nominees for 
directors as it was felt that a large por 
tion of the membership did not vote be 
cause it did not have a logical nomina- 
tion to make and in other cases votes 
were scattered to such an extent that 
they were literally wasted votes, 

In accordance with the above proced- 
ure a letter was sent to each of the local 
sections and the list below is the result; 
where no suggestion was made and 
where no reply was received the name 
of the section has been omitted 


Akron —George Richard Lyon 

Boston—E. P. Stevenson 

Charleston——R. L. Sibley 

Chicago— Robert C. Gunness 
Cleveland—Curry E. Ford 

Columbia Valley—C. R. Nelson 
Detroit—Donald L. Katz 

Kansas City—C, W. Nofsinger 
Knoxville-Oak Ridge—Robert M. Boarts 
Maryland—E. W. Guernsey 

New Jersey—-C. L. Brown 

New York—R. P. Kite 
Northern California—( 
Ohio Valley—R. S. Tour 
Philadelphia-W ilmington—W. T 
Pittsburgh— Richard D. Hoak 
Rochester— John H. Folwell 
South Texas—R. H. Price 
Southern Calitornia—-C, R. Nelson 
Tulsa—Frank Jenny 

Twin City——E. L. Piret 

Western Massachusetts—]. S. Stanford 


1950 YEAR BOOK 
The Secretary's office has completed 
the distribution of the 1950 Year Book 
The listing in this book carries the 
names of all members as of March 31, 
1950, Will you please check your listing 
to make certain that it is as you want it. 


kK Nelson 


Dixon 


A blank was sent to all members in 
February and all changes requested are 
incorporated 


Lumberton, N. C. 
Bound B 
| 
1 
l 
2 
| 
3 
4 4 ; 
| 
| 
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NECHES GR-S 
PLANT TO OPEN 


Reactivation of the GR-S 
rubber plar t at Port Neches 
Rubber Co 


requested by the 


synthetic 
Tex., by 
will begin 
Recon 
according to 
that 


in operation im about 


United States 
immediately a 
struction Finance ¢ orp 
otheers It is 
the plant will be 
three months 

One of the 


as semble 


company expec ted 


jobs will be to re- 
which 
marntled and put into stand-by when the 
plant was closed after World War II 
Ihe Port Neches plant has a rated 
of 60,000 tons but J. P 
vice-president 


first 


equipment was dis 


capacity Loe, 
ancl general manager of 
Naugatuck divi- 


sion, said it will be possible to increase 


company s chemical 
this to 75,000 tons if more is needed 
United States Rubber Co. is now oper 
ating a synthetic 
plant at Naugatuck, Conn., with a ca 
pacity of 30,000 tons, and also a plant 


(rovernment-owned 


at Borger, Tex., with a capacity of 
45,000 tons. The company will continue 
to operate the Borger plant until Port 
Neches is fully atter 
operation of Borger will be turned over 
All super 
visory personnel at Borger will be trans 
ferred to Port Neches and 
personnel will be hired from the 
Neches will 


about 450 persons 


reactivated which 


to the Phillips Chemical Co 


additional 
Port 
employ 


area The plant 


JOHN L. SMITH, PFIZER 
BOARD CHAIRMAN, DIES 


John L. Smith, chairman of the board 
of Chas. Phizer & Co., Inc., died July 
10, after an illness of several months. A 
pioneer im the drug and chemical field, 
he played an important role in the devel 
opment of the antibiotics 

Born in Crefeld 
ind emigrating 


1888, 
family at the 
homed the 


Lermany, 
with his 
ige of two, he Pfizer com 


1006 


made superintendent of 


pany as a laboratory 
In 1919 he wa 


the Phzer plant 


assistant in 


al member ot the board 
1920. and 
official positions 
1945. In 


chairman of the 


of directors m progressed 


throweh various until 
1949. he 


board 


elected president in 


was mack 


VACUUM FLASHERS 
FOR S.O. CALIF. 


Standard O41) Company of California 
has awarded a contract for what is con 
sidered the world’s largest vacuum flash 
55.000 bhi. of 


The M. W 


ible to charge 


nme unit 

reduced crude a day to 

Kelloge Co 
According to Kellogg the 


stand RO ft 


mam ves 


sel in the unit will heh and 


will have a maximum diameter of 27 ft 


Its design capacity exceeds by 15% the 
largest vacuum unit now in operation. 
The unit is being designed to provide 
approximately 30,000 bbl. of feed each 
day for the existing catalytic cracking 
unit at Richmond, which is scheduled 
for revamping during the moderniza- 
Asphalt—the other major product 
flasher 
visbreakers to 


thon 
harged to 
quality 


from * the will be 


produce high 
fuel oi and gasoline 

Scheduled for completion in May, 
1951, the new unit will charge not only 


Rich- 


refineries, but 


reduced crude from California’s 
and El 


will also process some heavy, so-called 
“non-refinable” crudes 


mond Secundo 


DU PONT MAKES SURVEY 
IN REACTOR ENGINEERING 


The 
sion announced that the Du Pont Co., 
of Wilmington, Del 


survey covering facilities processes and 


Atomic Energy Commis 
is making a special 


technical problems in certain fields of 
chemical and reactor engineering. 

The Du Pont Co. was builder and first 
operator of the Hanford plutonium pro 
duction plant, having entered upon that 
project in 1942. In the fall of 1946, at 
the company's own request it withdrew 
Last 
Du Pont carried out for the Commission 


from the project vear, however, 
i special study of the chemical processes 
plutonium. 


The work involves analysis of a num- 


used in the production of 
ber of existing and planned projects in 
the expanding program of atomic energy 
deve lopment 
work 
throughout the 
by the 
feasibility 


Research and development 


under wav at many locations 


country will be covered 


survey, which includes process 


studies, developmental pro 


jects and tacilities requirements 


KELLOGG SELLS 


KELLEX CORP. 


The Kellex Corp.. ar 
tractor im the 
sold last month to the 
turing 


important con 
energy held 
Vitro Manufac 
announce 


atomic was 
according to an 
ment of Warren L. Smith, president of 
The M. W. Kellogg Co 
stock and assets of the Kellex group 

“This said Mr 
necord with Kellogg's policy of concen 


who owned the 


step,” Smith, “is in 


trating its commercial development 
ind manufacturing efforts 
and 


helds and of confining its governmental! 


engineering 


in the petroleum, chemical power 


contracts to development engineering 
und manufacturing in the fields of jet 
propulsion, guided missiles, etc.” These 
latter Kel 
logg's special projects division in Jersey 
( ity 

Contracts currently held by Kellex 
primarily in the field of atomic energy, 


will be continued by that organization 


activities are conducted by 


CHEMICAL ENGINEERING PROGRESS 


LOCAL SECTION 


SOUTH TEXAS 


This section held its monthly meeting 
and inspection trip June 16, 1950. The 
inspection trip was through the surface 
installations of the Gillock field in the 
vicinity of Texas City, Tex., of the Pan 
American Production Co., where the 
group saw various recycling and drilling 
operations used in the modern methods 
of producing an oil formation. 

The social hour and dinner were held 
at the Edgewater Restaurant at Kemah, 
Tex. The speaker for the evening was 
the host for the inspection trip, J. L. 
Hoyt, assistant general superintendent 
of the production department of the Pan 
American Production Co., who spoke 
on the major problems encountered in 
the production of oil from Gulf Coast 
tormations 

The inspection trip was attended by 
approximately 60 members; the dinner 
attended by 
members 


was approximately 8&5 


Reported by G. T. McBride, Jr 


NEW JERSEY 


At the annual meeting the following 


officers were elected for the 1950-51 


season 
Chairman—F. J. Van Antwerpen, Edi- 
tor, C.EP 

Chairman-elect—G. C. Keefe, Newark 
College of Engineering 

Secretary—E. P. Foster, Du Pont Co 
Treas —-R. P. Smith National Lead Co 

Exec. Comm—D. S. Bruce, Hercules 
Powder Co.; D. M. Calkins, Merck 
& Co.; H. B. H. Cooper, American 
Cyanamid Co 


Duritig the course of the 
meetings were held; two were organiza- 
tional, and eight technical. The final 
meeting was held at the Esso Research 
Center at Bayway. Dr. J. C. Elgin of 
Princeton University spoke on “Some 
Theoretical Aspects of the Spray-type 
Liquid Countercurrent Contacting 
Equipment.’ 


Reported by H. Philip Orem 


year ten 


MARYLAND 


At the May 11 meeting which closed 
the spring session C. F. Prutton, Ma 
thieson Chemical Corp., Baltimore, Mug 
spoke on “Chemicals from the Sea.” At 
the previous meeting J. H. Rushton 
professor of chemical engineering, I! 
linois Institute of Technology, spoke on 
“The Technology of Mixing.” 


Reported by Alan Beerbower 
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PITTSBURGH 


The following officers for the 1950-51 
session are elected : 


Chairman 


Vice-Chairman F 


..Carl C. Monrad 
Cathoon 
T. Barker 


Bradshaw 


Secretary (re-elected) 


Treasurer LG 


In his address at a recent meeting 
Dr. J. H. Rushton discussed the factors 
influencing solid-liquid and gas-liquid 
types of mixing. Available pilot plant 
and experimental data were reviewed 
and their application shown in the evalu- 
ation of 


equipment performance and 
process design. A color motion picture 


was presented, 


Reported by Hugh L. Kellner 


THE CHEMICAL ENGINEERS’ 
CLUB OF WASHINGTON 


Officers elected for the forthcoming 
year are as follows: 


Pres.—George Armistead, Jr. Wash 
ington chemical engineer 

Vice-Pres.—Randall D. Sheeline, U. S 
Dept. of Navy, Bureau of Ordnance 

Sec.—H. W. Yeagley, Monsanto Chem 
ical Co., Washington, D. ( 


Treas.-W. D. Kavanaugh, American 
Cyanamid Co., Washington, D. C 


Reported by D. O. Myatt 


EL DORADO CHEMICAL 
ENGINEERS’ CLUB 
Centrifugal Pumps 
and Application” 


Their Design 
was the subject of a 
talk presented before this club at its 
June dinner attended by 68 
Whiting. 
for Ingersoll-Rand Co 
with headquarters in Dallas 
the speaker 
types of 


meeting 
members and guests. Drew 
sales engineer 
Tex., was 
He discussed the different 
centrifugal pumps currently 
being manufactured and the service for 
which each is intended 

56 mem 
bers and guests heard a discussion on 
“Sugar Manufacturing Where Unit 
Operations Got Their Start” by Dr. Ar 
thur G. Keller, professor of chemical en 
gineering at Louisiana State University 
Baton Rouge, La 
ration, he said 


At its May dinner meeting 


In the field of evapo 
the industry developed 
and introduced the single-effect vacuum 
pan and subsequently the multiple-effect 
evaporator. He amplified his remarks 
by the showing of slides and the passing 
of samples of cane sugar and its by 
products in various stages of manufac 
ture for the inspection of the group. 


Reported by EF. D. Wurster 
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For GREATEST 
DEPENDABILITY and 


in metered pressure 
SULPHURIC ACID 


all concentrations 


Here is the equipment which will handle eee 
acid, in all concentrations, 
function of taking the acid from a 8 
pressure, and metering oF P 
rtioning its flow. Because the Pulsafeeder = 
ffing box—but uses instead an hydrav i- 
diaphragm seal, it eliminates 
pear prevents corrosion of pump oF 
tamination of product, avoids loss of —s = 
e maintenance. Hundreds o 


at lowest possibh 
factory installations to back up these cla 


EFFICIENCY 


pumping 


pressure to line 


WO STUFFING BOX OR RUNNING SEAL 
HYDRAULICALLY-BALANCED DIAPHRAGM SEAL 
“o POSITIVE DISPLACEMENT PISTON MEASUREMENT 
@ FLOW RATE ADJUSTABLE WHILE IN OPERATION 
e O1L-BATH LUBRICATION OF ALL MOVING PARTS 
@ UNITS AVAILABLE 
FOR MANUAL O8 
AUTOMATIC CONTROL 


PISTON-DIAPHRAGM CHEMICAL PROPORTIONING PUMP 


WRITE for Bulletin 262 with complete description and specifications. 
LAPP INSULATOR CO, PROCESS EQUIPMENT DIVISION 306 MAPLE STREET, LE ROT. 
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FUTURE MEETINGS AND SYMPOSIA OF A.I.Ch.E. 
Chawman of the Al.Ch.E. Program Committce 
George E. Holbrook 


Room 7406 Nemours Bidg., 
E. I. du Pont de Nemours & Co., 
Wilmington, Del. 


answer to your 


MEETINGS Chemical Engineering in Food 
Regional Minneapolis, Minn. Industries 
Radisson Hotel, Sept. 10-13, Chairman: W. L. Faith, Corn Prod- 
1950 ucts Kefining Co., Argo. Ill. 
Technical Program Chawman: E. L. Meeting—Minneapolis, Minn. . 


question. 


Piret, Minnesota Mining & Mig 
Co., Mimmeapolis, Minn 


Annual—Columbus, Ohio, Neal 
House, Dec. 3-6, 1950. 


Phase Equilibria 


Chairman: W. C. Edmister, Carnegie 
Inst. of Tech., Pittsburgh, Pa. 


Technical Pregrem Chawnen: jee Mecting— Minneapolis, Minn. 
Clegg, Battelle Memorial Institute, What Should You Know About 
Columbus, Ohio Management? 

Regional White Sulphur Chairman: L. P. Scoville, Jefferson 
Springs, W. Va.. The Greenbrier, Chemical Co., Inc . 711 Fifth Ave., 
March 11-14, 1951 New York 22, N. Y. 

Technical Program Chawman: Meeting—Minneapolis, Minn. 


Walter E. Lobo, The M. 
Go. 205 Air and Water Pollution Control 


York, N.Y Chairman: Richard D. Hoak, Mellon 
oF Institute of Industrial Research 


Regional—Kansas City, Mo., University of Pittsburgh, Pitts- 


Hotel Muchlebach, May 13-16, burgh, Pa. 
1951 M ecting—Columbus, Olio 
Technical Program Chairman 
Walter W. Deschner, J. F Chemical Engineering in Glass 
Pritchard Co. Kansas City, Mo Industry 
Annual — Atlantic City, N. J. Chairman: F. C. Flim, Hazel-Atlas 
Chalfonte-Haddon Hall Hotel. Glass Co., Washington, Pa 
There are no “$64” questions Dec. 2-5, 1951. M ceting—Columbus, Ohio 
when it comes to industrial SYMPOSIA Processing of Viscous Materials 
drying problems. Even in the Indoor vs. Outdoor Plant Con- Chairman Krait, 
smallest plants, savings through struction 
effective drying run into the Chairman: J. R. Mineviteh, E. B 
75 Pitts St. Meeting—Columbus, Ohio 
thousands of doilars annually. Badger & Sons Co., 75 Pi ’ eho 
Oo f th h Boston, Mass Phase Equilibria 
— of the a t ~ we at Mecting—Minneapolis, Minn Chairman: W. C. Edmister, Car- 
STANDARD can ta 2s e guess- Quantitative Economics in Esti- 2 Inst. of Tech. Pittsburgh, 
work out of estimating those mation of Risk Factors in Capi- a 
savings is through the use of our tal Ventures Meetmy—Columbus, Ohio 
laboratory test dryer —pictured Chairman: Mott Souders, Shell De- Relationship Between Piiot-Scale 
above. It duplicates the per- ae a 100 Bush St., San and Commercial Chemical En- 
M ceting—Minneapolis, Minn Chairman: Walter E. Lobo, The M. 
Applied Reaction Kinetics W. Kellogg Co. 225 Broadway, 
with any desired material. If Chairman: R. H. Wilbelm, Prince- New York, N. ¥ 
you have a drying problem, ton (N.J.) University Meeting—White Sulphur Springs, 
bring it to STANDARD and learn AM eetony—Minneapolis, Minn W. Va 


the answer in ADVANCE. Authors wishing to present papers at a scheduled meeting of the A.1.Ch.E 


should first query the Chairman of the A.1.Ch.E. Program Committee, George 
@ SEND FOR NEW DRYER BULLETIN E. Holbrook, with a carbon copy of the letter to the Technical Program Chair- 


Write today for new 12-page man of the meeting at which the author wishes to pane the paper. Another 
Dryer Bulletin incorporating carbon should go to the Editor, F. J. Van Antwerpen, 120 East 41st Street, 
latest information on Stawe- New York 17, N. Y. If the paper is suitable for a symposium, a carbon of the 


Continuous and 


oye ee — letter should go to the Chairman of the Symposia, instead of the Chairman of 
anes and hea J for the the TechnicalgProgram, since symposia are not scheduled for any meeting until 
Process Industries. they are complete and approved by the national Program Committee. Before 


authors begin their manuscripts they should obtain from the meeting Chairman 
a copy of the Guide to Authors, and a copy of the Guide to Speakers. The 
| first book covers the preparation of manuscripts, and the second covers 
the proper presentation of papers at A.I.Ch.E. meetings. Presentations of 
papers are judged at every meeting and an award is made to the speaker 


= 


7 5 who delivers his paper in the best manner. Winners are announced in Chemical ¢ 
Dri ers Engineering Progress, and a scroll is presented to the winning author at a 
a meeting of his local section. Since five copies of the manuscript must be ' 
prepared, one should be sent to the Chairman of the symposium and one to s 
. the Technical Program Chairman of the meeting, or two to the Technical % 
me | wes Program Chairman if no symposium is involved and the other three copies 
should be sent to the Editor's office. Manuscripts not received 70 days before 
STANDARD STEEL CORPORATION a meeting cannot be considered. 
8055 Beyte Avenve Los Angeles $8 California 
Address: 123-35 Newbury Street, Boston 16 
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CENTRAL VIRGINIA CHEM- 
ICAL ENGINEERS’ CLUB 


The following were elected officers 
for 1951 

President—R. R. James, Front Royal 

Vice-President—S, A. Lamanna, Piney 

River 

Sec.-Treas.—E. H. Sundbeck, Waynes- 

Directors: }. D. Detlefsen, Waynes 

boro; E. L. Foerster, Elkton; Emil 
Hiadky, Piney River; R. M. Hub- 
bard, Charlottesville; E. W. Samo 
den, Piney River (Ex-officio) 

The club held its 1950 annual meet- 
ing at the Keswick Country Club near 
Charlottesville, at which 45 members 
and guests were present. Dr. John H 
Yoe, professor of chemistry at the Uni- 
versity of Virginia and member of the 
technical observers group of Operation 
Crossroads at Bikini in 1946, presented 
the official movies of these A-bomb tests 


Reported by J. D. Detlefsen 


CHICAGO 


At this section's recent annual meet- 
ing the following officers were elected 
for the term July 1, 1950, to June 3D, 
1951 

( harman C. W. Peters 

ice-Charrman D. A. Smith 

Secretar Mortenson 

l reasurer }. R. Blizzard 

Director-at-Large—M. J. Sterba (to 

J. H. Rushton (to 6/30 
L. Faith (to 6/30/51) 

The technical program included a 
discussion on “Basic Design Problems 
in Nuclear Engineering” by John R. 
Huffman of Argone National Labora 
tory 


Reported by E. N. Mortenson 


ROCHESTER 


The annual banquet was held in 
Lorenzo's Restaurant, with an attend- 
ance of 97 members and guests. 

Officers elected for 1950-51 are as 
follows 

(Chairman—FE. E. Mohr, Eastman Ko 

dak Cx 

Vice-C harman—]. L. Patterson, Easi- 

man Kodak Co 

Secretary—]. RK. Connolly, Mixing 

Equipment Co 

Treasurer—R. R. Ross, Eastman Ko- 

dak Cc 

Directors—R. H. Pond, Taylor Instru- 

ment Co.; G. L. Calderwood, Roch- 
ester Gas & Elec. Co 

The first speaker, Carl H. Gath of 
Eastman Kodak Co., presented a review 
of a paper entitled “Psychological and 
Physiological Attributes of the Success- 
ful Chemical Engineer.” 

The main speaker of the evening, Dr 
Harry A. Curtis, director of Tennessee 
Valley Authority, talked on “Facts and 
Fiction Regarding the T.V.A.” 

Reported by John R Connolly 
(More Local Section on p. 38) 
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Speed Up Mixing Cycle, — 
a Minimize Peak Loads 


Built in batch capacities of 
from 1 quart to 1200 gallons 


Overlapping sigma blade action assures a 
shorter mixing cycle with reduced peak loads 


Single packing gland construction in vacuum type mixers eliminates 
contamination and oxidation of the batch. Split seals mounted on 
arm shafts at bow! ends are easily removed for cleaning. Base is 
one-piece insuring alignment and rigidity. 

Overlapping mixing arms eliminate “dead spots” and formation of 
cylinders of material. Temperature control is provided by full, par- 
tial, or divided jackets on the bowl. Adjustable cover on bow! in- 
sures virtually perfect sealing. 


Options: Vacuum or non-vacuum design . . . overlapping or tan- 
gential action . . . with or without jackets . . . single, multi-speed, 
or variable-speed motors . . . with tilting bowl or as bottom dis- 
charge . . . construction of carbon steel, stainless steel, or any com- 
mercial alloy. 


NOW .. . Continuous Mixing! Readco offers continuous 


mixers as well as batch mixers. Write for complete details. 


Literature ond prices on Readco Dowble-Arm Mixers are available on request. 


READ MACHINERY DIVISION 
of The Standard Stoker Company. Inc. 
YORE 5, PENNSYLVANIA 
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TECHNICAL 
MOLYBDENUM 
TRIOXIDE 


ANHYDROUS 
SODIUM 
MOLYBDATE 


PURE 
MOLYBDENUM 
TRIOXIDE 


AMMONIUM 
MOLYBDATES 


MOLYBDIC 
ACID, 85% 


One of these five com- 
pounds will prove to be 
the most economical raw 
material for the production 
of chemical products such 
as Molybdenum-contain- 
ing catalysts and pigments. 
Write our development 
division if you wish to take 
up questions concerning 
technological problems 
involving the chemistry of 
Molybdenum. 


Climax 
Company 


500 Fifth Avenue 
New York City 


c-0 


JESSE WERNER 


Joseph Byrne was recently ap 
pointed assistant professor of chemical 
engineering at M.1.T. and will serve as 
director of the Buffalo Station of the 
school of chemical engineering practice. 
He will be located at the M.I.T. Station, 
Bethlehem Steel Co. Lackawanna, 


ADVANCED BY DIAMOND 


J. E. UNDERWOOD 
J. E. Underwood, manager of re- 


search of the Diamond Alkali Co., 
Cleveland, Ohio, for the past six years, 
has been named research consultant for 
the company. Previously Mr. Under- 
wood had been manager of research 
and development for the Pennsylvania 
Salt Manufacturing Co., Philadelphia, 
for 16 years. From 1923-27 he was 
director of research for the National 
Lime Association, Washington, D. C. 
His research experience began in 1915 
with a fellowship at Mellon Institute 
in Pittsburgh on a 
by the Hope Natural o., and 
subsequently included 4. with the 
U. S. Bureau of Mines in Colorado; the 
Radium Company of Colorado, and the 
Radium Emanation Corp. at Pitts- 
burgh. Mr. Underwood graduated from 
Wabash College and received his M.A. 
there in chemistry. He supplemented 
this education with teaching fellowships 
at both Ohio State University and the 
University of Missouri. He is affiliated 
with a of professional organiza- 
tions. 
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WERNER ADVANCED BY 
GENERAL ANILINE 
Jesse Werner has been appointed 
assistant to the development 
manager of the Grasselli works division, 
General Aniline and Film Corp. Prior 
to assuming his present position Dr. 
Werner had been a section leader on the 


pr ocess 


process development staff for several 
years. 
A graduate of Brooklyn College, cum 


laude, in 1935, Dr. Werner received his 
M.A. degree in 1936 and his Ph.D. 
degree in 1938 from Columbia Uni- 


versity. He was an assistant in the 
chemistry department at Columbia from 
1936-38. He joined the 


partment of General 


research de- 
Aniline immed- 
iately after leaving the university. 

Dr. Werner is a member of the Board 
of Editors of “Chemical Formulary” 
and the author of a number of sections 
in, the “Encyclopedia of Chemical Tech 
nology” concerning dyestuffs. 


LANG IN NEW ROLE 
WITH GENERAL ANILINE 


Joseph W. Lang was recently ap- 
pointed manager of the Rensselaer dye- 
stuff plant of General Aniline and Film 
Corp. He attended the University of 
Washington where he received his de- 
gree of B.S. Ch.E. in 1928. He also at- 
tended Columbia University where he 
received his M.S. in 1933 and Ph.D. in 
1934. 

Following graduation, Dr. Lang did 
research on organic pigments and chem 
ical engineering work for a major dye 
stuff manufacturer. Dr. Lang joined the 
Rensselaer plant of the General Aniline 
works division as head of the chemical 
group in 1943. Subse- 
quently he was made supervisor of pro 


engineering 


duction, production manager, and assist 
ant plant manager at Rensselaer. 


NEW APPOINTMENTS AT 
NAVAL ORDNANCE, CALIF. 


Recent appointments have been made 
at the Naval Ordnance Test Station at 
China Lake and Inyokern, Calif. The 
appointees and their titles are: 

P. A. Longwell, head of ordnance 

processing 
K. S. Skaar, consultant to the head of 

ordnance processing 


J. H. Wiegand, head of propellants 
division 
. Elliott, head of solid propellants 
branch succeeding J}. H. Wiegand 
E. T Leidigh, head of process section 


F. A. Newburn, project engineer 


August, 1950 
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HERITAGE ADVANCED 
BY WEYERHAEUSER 


Clark C. Heritage was recently named 
director of development for the Weyer- 
haeuser Timber Co. He will establish 
headquarters in the company’s Tacoma 
(Wash.) general offices Sept. 1. 

In 1937, Mr. Heritage organized the 
development of the Wood Conversion 
Co., Cloquet, Minn., a Weyerhaeuser af- 
filiate engaged in the manufacture of 
wood fiber products. When the Weyer 
haeuser Timber Co. became a separately 


managed activity in 1941, Mr. Heritage 


was selected to construct facilities at — preferred b many in chemical ants 
y many processing pl 


Longview, Wash » has directed the 


development work for both companies because of two outstanding features — uniform 

since that date. microscopic filtration—complete recovery 
With an educational background of 

science at the University of Chicago and of product. 


engineering at Armour Institute of Unlike the construction of some other types of filters the horizontal 


plates in the Sparkler allow the filter media to form in an even cake of 
the production, sales, engineering, de- uniform thickness, built up in a horizontal position without stress and 
velopment and management phases of therefore not subject to cracking or slipping under pressure, thus assur- 
organic chemicals and forest products ing uniform filtration either with intermittent or continuous flow. 

for many years. He served for an ex- 


Technology, Mr. Heritage has been in 


Complete recovery of product is obtained by “wash through” or 
tended period as chief of engineering “blow down” of cake without removal from filter. The Sparkler scav- 
design and development for National enger plate, with independent control valve, acts as an auxiliary filter, 
Aniline and Chemical Co., Buffalo, N.Y. filtering each batch down to the “last drop” leaving no holdover. 


A few years later he directed the pulp Plates are available in two thicknesses, deep plates for liquids carry- 


and paper work ot the Forest Products ing a large proportion of solids and shallow plates for polishing opera- 
Laboratory of the U. S. Forest Service tions. When shallow plates can be used the filter area is increased 
at Madison, Wis. within the same size tank. 


felvin Nord, associate protessor ot 
chemical engineering, Wayne Univer- 
sity, Detroit, Mich. recently received This illustration shows a 
his law degree (LL.B ). He has also in the plant of a large 
passed the examination for registration producer of insulating 
varnish. Standard mod- 
els are available in 
Patent Office capacities of 60 to 7,500 


G.P.H. 
Howard Kehde, formerly with Fos- 
ter Wheeler Corp., New York, N. Y., i 
now associated with the Union Oil Com 


to practice as patent attorney before the 


pauy of California, Wilmington, Calif 
He is engaged in the research depart 
ment. 


Paul Kolachov director of research 
for Joseph E. Seagram & Sons, Inc 
was recently elected a state vice-presi 
dent of the Southern Association of Sci 
ence and Industry. 


c. C. HERITAGE We invite corre- 
spondence on your 

filtering problem 

The service of our 

engineers with over 

twenty-five years of 

experience in specif- 

ic fhelds is available. 


SPARKLER MANUFACTURING COMPANY 
Mundelein, Illinois 
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Pyrotlex-comstructed tower for cooling HCI 


Solving Your 


CORROSION 
PROBLEMS 


Is Our Business 


In the past 45 years Maurice A. 
Knight has developed many im- 
proved types of corrosion proof 
processing equipment to meet the 
needs of customers. These include 
Koight-Ware Chemical Stoneware, 
Permanite Resins and Pyroflex 
Constructions. The latter include 
tanks, towers, absorbers, fume 
washers, reactors, etc., and can be 
designed by our engineers to with- 
stand almost any type of corrosive 
service. 

In addition, we supply our cus- 
tomers with protective paints for 
wood, concrete and steel surfaces, 
as well as acid proof cements for 
floors, tanks, and tower linings in 
corrosive service. 

Whatever your needs, whether 
complete functional units, vessel 
linings, pipe and fittings, chem- 
ical stoneware, impervious paints 
or cements, our engineering de- 
partment will be glad to make 
recommendations. 

Literature will be sent on request. 


MAURICE A. KNIGHT 


i 708 Kelly Ave., Akron 9, O. 


J. W. PAYNE 


John W. Payne has been made tech- 
nical director of the development 
division of the research and develop- 
ment laboratories, Socony-Vacuum Oil 
Co., Inc. Mr. Payne received his B.S. 
degree in chemical engineering from 
Yale in 1930, and has been associated 
with Socony-Vacuum since 1931. 


RUEBENSAAL TO DIRECT 
PLASTIC RESEARCH 


Appointment of Clayton F. Rueben- 
saal as technical director of plastics and 
resins for Naugatuck chemical division, 
United States Rubber Co., was recently 
anounced. Mr. Ruebensaal will assume 
direction of all research, process devel- 
opment and technical service activities 
pertaining to Kralastic molding powders, 
Vibrin polyester resins, Marvinol vinyl! 
resins and ’'QL resins for enamels. He 
will make his headquarters at the divi- 
sion's main plant in Naugatuck, Conn. 

Mr. Ruebensaal was one of the or 
ganizers of the chemical division of the 
Glenn L. Martin Co., Baltimore, Md. 
He joined U. S. Rubber late in 1949 
when the company purchased the assets 
In 1945 
and 1946 he was one of a group of tech 


of Martin's chemical division 


nical consultants who visited Germany 
at the invitation of the U. S. 
ment to study German methods of plas 


Govern 


tics production and research 


William H. Waite, formerly assis- 
director of Arthur G. 
Cleveland, Ohio, is now a 


tant technical 
McKee & Co., 
consultant in the engineering service di 
vision of the Du Pont Co., Wilmington, 


Del 
Joseph R. McCleskey, Jr., who pre 


viously served in a supervisory capacity 
in the Monsanto Chemical Co.'s plastics 
division headquarters at Springfield, 
Mass., has been appointed plant super 
visor at the company’s new styrene plant 
Beach, Calif. He joined the 
1946, 
technical and supervisory 


in Long 


plastics division in serving in 
assignments 
Until his present appointment he was a 
plant supervisor in the Springfield unit 
Mr. MeCleskey was from 


\labama Polytechnic Institute 


graduated 
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Louis F. Ray has been appointed de- 
velopment ‘superintendent at Monsanto 
Chemical Co.’s John F. Queeny plant, 
St. Louis, Mo. Mr. Ray will succeed 
J. R. Okel, who has been appointed 
assistant to Dr. Charles Allen Thomas, 
executive vice-president. Mr. Ray is a 
graduate of St. Louis University, where 
he received a B.S. degree in chemistry 
in 1938. He went to Monsanto as an 
analytical chemist at the John F. Queeny 
plant, and became area supervisor in 
1943. Since that time he has been in 
charge of three department groups con- 
secutively. 


Sydney Steele, formerly sales pro- 
motion manager, Fischer & Porter Co., 
Hatboro, Pa., is now associated with the 
Atlas Powder Co., Wilmington, Del. 
His position is manager, market re- 
search. 


Carl R. Vander Linden, formerly an 
instructor in the chemical engineering 
department of the Iowa State College, 
Ames, Iowa, has recently become affili- 
ated with the Johns-Manville Research 
Center of the Johns-Manville Corp. in 
Manville, N. J. He will engage in chem- 
ical engineering research 


L. M. Currie, vice-president, na- 
tional carbon division, Union Carbide & 
Carbon Corp., N. Y., received a D.S. 
degree from Clarkson College of Tech- 
nology, Potsdam, N. Y., on June 4. Jom- 
ing National Carbon in 1925 as a re- 
search chemist, he became progressively 
plant superintendent; assistant director, 
research ; director, vinylite division; su- 
Bakelite division; and 
He was associate direc- 
tor of War Research, Columbia Univer- 
sity, 1943-45. Dr. Currie’s early educa- 
tion was at Dublin Institute, Va., and 
Davidsen College, N. C.. where he re- 
ceived his A.B. in 1918 followed by a 
Ph.D. from Cornell University in 1925. 
He was a Sage Fellow in 1924-25. 


perintendent, 
vice-president. 


Robert B. Beckman has been pro- 
moted to associate professor of chemi- 
cal engineering at Carnegie Institute of 
effective Sept. 1, 1950 
Before jaining the Carnegie faculty in 
1946, he was a research chemist with 
Humble Oi! and Refining Co., Baytown, 
Tex. Dr. Beckman holds a B.S. degree 
in chemical engineering from the Uni 
from the 


Technology 


versity of [linois and a Ph.D 
University of Wisconsin 


Cc. O. Butler was recently elected 
vice-president and general manager of 
the General Foundry and Machine Co., 
Sanford, N. C. He was formerly asso- 
ciated with the consulting firm of Mat- 
thews & Butler, Engineers, and previous 
to that was superintendent of spinning in 
the acetate rayon division of Tennessee 
Eastman Corp 


August, 1950 
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OKEL PROMOTED BY 


MONSANTO CHEM. CO. 


Jean R. Okel, development superin- 
tendent in the Monsanto Chemical Co.'s 
John F. Queeny plant at St. Louis, has 
been named assistant to Charles Allen 
Thomas, executive vice-president. He 
succeeds Philip R. 
appointed to the new position of Euro- 
pean technical representative with head- 
quarters in Paris, France. Mr. Okel 
joined Monsanto in 1942 as a depart- 
ment supervisor in the Queeny plant and 
in 1946 was appointed project engineer 
of the plant development group. Subse- 
quently he became assistant development 
superintendent and development super- 
intendent. Before going to Monsanto 
he was employed in the industrial engi 
neering department of the titanium di- 
vision of National Lead Co. He re 
ceived a B.S. in chemical engineering 
from Washington University 


Lincoln T. Work, 
has been operating 
Maplewood, N. J., since severance from 
Material Research 
tories in Cambridge, now has office space 
with Singmaster & Breyer 
2118), Graybar Building, 420 Lexington 
Ave., New York, N. ¥ 


addressed at Maplewood. 


consultant, who 


irom an othce im 


Powdered Labora- 


He can also be 


J. H. ROTHSCHILD 


Lt. Col. J. H. Rothschild, who or- 


ganized and commanded the Chemical 
Wartare Service Development Labora- 
tory at Massachusetts Institute of Tech- 
nology during World War II, and who 
recently was made Commanding Officer 
of Technical Command, a c 

corps research and development organ- 
ization located at Army Chemical Cen- 


ter, Md., has been promoted to grade 


of Colonel. 

After the war, Colonel Rothschild 
headed the technical division of the 
Office of the Chief of the Chemical 
Corps. He had been assistant professor 
of chemistry at the U. S. Military 
Academy for the last three years. 

Colonel Rothschild received his B.S. 
degree upon graduation from West 
Point in 1930, and his M.S. degree in 
chemical engineering practice from 
Massachusetts Institute of Technology. 
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“HOLD 


EVERYTHING? 


with this strong, open-side, 
all-purpose handy vise. 


Takes work from 3 sides 
Range from 23" to 855" 
Positive non-slip grip 
Ideal for valves, manifold fittings 
and all other hard-to-hold items. 
@ Heavy, one-piece malleable cast-iron body is virtu- 
ally indestructible. Takes work from 3 sides. Four 
easily replaceable dies in lower jaw provide positive 


grip to hold work safely in 


balanced non-slipping 


position. Easily installed non-scarring soft jaws also 
available. Vise screw made of toughest steel has coarse 
Acme thread for rapid adjustment. Counterbalanced 
handle, mounted at efficient arm height, can be quickly 
extended for extra leverage. Wide range replaces three 
ordinary vises. Far safer and faster than chain tongs. 
For folder and prices address . . . . 


BAKER OTL TOOLS, ING. 


BOX 2274 TERMINAL ANNEX, LOS ANGELES 54, CALIFORNIA 


“Next time 


*® CONICAL MILLS 

® TRICONE MILLS 

® CYLINDRICAL MILLS 
* ROD MILLS 

TUBE MILLS 

BATCH MILLS 


Write for Dry grinding Bulletin 17-B.40 
Wet-grinding Bulletin AH-389 40 


YORK, PENNSYLVANIA — 240 arch St. 
+ 205 W. Wecker Drive—CHICAGO 


NEW YORK 17—122 E. 42nd St. 
SAN FRANCISCO 11—24 Colifornie St. 
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use 
HARDINGE 
MILLS” 


Possibly your grinding operation is 
not as delicately balanced as that of 
the gentleman at the left. How 
ever, we have countless operational 
reports to prove that Hardinge 
Mills improve product quality and 
reduce grinding costs. 


+ Office end Works 


° 200 Bay St—TORONTO |! 
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VITREOSIL (vireo: sites) TUBING AND ROD 


TRANSPARENT — TRANSLUCENT 
New Low Prices 


Chemically and 
Catalytically Inert 
Useful up to 1000°C and 
under Extreme Thermal 
Shock 


Unusually Resistant 
Electrically 


Homogeneous and 
Constant in Properties 


Tubing available in sizes 
5” internal diameter. 
available in sizes up to 

1” diameter 


KEES Send for Bulletin £9 covering specifications 
Y c and prices on standard sizes 


The THERMAL SYNDICATE Ltd. 


12 East 46 Street New York 17, N. Y. 


Efficient and Thorough 


J MERCURY 
CLEANING 


With the 
Bethlehem 
Oxifier 


When your contaminated mercury 
contains dissolved base metals, this 
new, motor-driven Ovxifier provides 
fast, effective and economical puri- 
fication. Practically automatic, it 
cleans up to 25 Ibs. in 2 to 4 hrs. 
with only intermittent attention. 

Price complete $160 
ALSO AVAILABLE: Type “F” 


Mercury Filter for removing dirt, 
oxide scums, oil, water and acid. 


Mokes Diaphragm Protected 
Gages accurate and easy fo fill. 


Ranges from 20” of water to 20,000 
Ibs. 


For full information on thorough 
mercury cleaning write: 


Bethlehem Apparatus Company 


886 Front St. HELLERTOWN, PA. 


WRITE FOR THE NEW 
ACRAGAGE CATALOG, 


BASIEST TO MAINTAIN 
CLAPP INSTRUMENT CO.. Webster, Mass 
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E. I. CLAPP 


Bachrach 


Elwood I. Clapp recently assumed 
the position of vice-president in charge 
of sales of the Badger Manufacturing 
Co., Cambridge, Mass. Since the or- 
ganization of that company in 1949 he 
has been serving as a director. Mr. 
Clapp was graduated from the Uni- 
versity of Maine with a B.S. degree in 
chemical engineering, and subsequently 
became associated with the U. S. Indus- 
trial Chemicals, Inc., Baltimore, Md., 
where he remained for seven years. For 
the past 25 years he has served E. B. 
Badger & Sons Co., Boston, Mass., in 
the engineering and sales department. 
He was engaged especially in the de- 
signing of equipment for their own 
manufacture. 


Charles H. Stockman is now with 
the B. F. Goodrich Research Center, 
Brecksville, Ohio, as a research chemical 
engineer. He received his B.S. in 1947 
from Purdue and his Ph.D. this vear. 


Cc. J. MAJOR 


Coleman J. Major has been ap- 
pointed associate professor of chemical 
engineering at the State University of 
Iowa, lowa City, Iowa. Dr. Major 
received his B.S. degree in chemical 
engineering from the University of 
Illinois in 1937, and his Ph.D. from 
Cornell University in 1941. During the 
past nine years he has been with 
Sharples Chemicals, Inc.. at Wyan- 
dotte, Mich., where he resigned recently 
from his present position as superinten- 
dent of the service department. His 
appointment at the university of Iowa 
becomes effective in September. 
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CLASSIFIED SECTION 


Advertisements in the Classified Section of Chemical Engineering Progress are payable in 
advance, and are placed at i5c a word, with a minimum of four lines accepted. Box number 


counts as two words 


Advertisements average sbout six words « 


line. Members of the 


American Institute of Chemical Engineers in good standing are allowed one six-line insertion 


free of charge per year 


More than one insertion to members will be made at half rates. In 


using the Classified Section of Chemical Engineering Progress it is agreed by prospective 
employers and employees that all communications will be acknowledged, and the service is 


made available on that condition 
insertion. 


Size of type may be specified by 


Boxed advertisements one-inch deep are available at $15 


advertiser. In answering advertisements al! 


box numbers should be addressed care of Chemical Engineering Progress. Classified Section 


120 East 4ist Street. New York 17. N. Y 


Telephone ORegon 9.1560. Advertisements for this 


section should be in the editorial offices the 25th of the month preceding the issue in which 


it is to appear 


SITUATIONS OPEN 


PRESSURE VESSEL 
DESIGN ENGINEER 


Excellent opportunity in well-known 
oil refinery company for graduate en 
gineer with heavy experience in design 
and development 


Familiar with ASME and API Codes 
and the work of the Pressure Vessel 
Research Committee Knowledge of 
vessel fabricators shop practices and 
metallurgy including welding of car- 
bon and alloy steels. 


Write details of education’ and experi- 
ence to Box 4-6 


INSTRUMENT ENGINEER 


Excellent opportunity in well-known 
oil refinery company for 
chemical engineer 


graduate 


Must have heavy experience in oil 
refinery instrumentation. Will prepare 
process control diagrams and specifi 
cations for purchasing and installing 
of instruments 


Write details of education and experi 
ence to Box 5-8 


SALES-ENGINEER 
NEW YORK DISTRICT OFFICE 
Cc. F. BRAUN 4&4 CO 


We need « graduate chemical engineer 
with at least five years experience in 
Oil Refining. To this man we offer « 
responsible. interesting, and rewarding 
position as a member of our New York 
Office Staff The work entails some 
travel. The compensation is straight 
salary and expenses. And the future 
is limited only by the man's own 
ability to produce 

The man we néed has technical ability 
plus a good personality. On the tech 
nical side, our man has a thorough 
knowledge of heat-transfer fractiona 
tion. and of refinery process design 
This knowledge must be based on 
actual experience On the personal 
side, he is between 26 and }5 years 
old. He is aggressive. He's friendly, 
and likes to meet new people And he 
is sincerely interested in a permanent 
career in sales-engineering with one 
of the top Companies in its field 

If you beliewe you're fully qualified 
please write to us at 630 Fifth Avenue 
New York 20, New York Well ac 
knowledge your letter, and interview 
all qualified men. Well respect your 
confidence. Please do not phone. or 
call in person. No such application 
will be considered 


Chemical Engineer — 
_ngineering Degree, preferably Ph.D 
to 45 years of age Approximately 
years experience in organic chemical in- 
dustries, preferably intermediates or dye- 
stuffs. Thoroughly experienced in applying 
chemical engineering principles to produc 
tion problems in batch process 
dustry. Permanent position in 


lished company in upstate New York 
complete business resume and salary re 
quirements. All replies confidential. Box 
1-48 


Chemical Engineers and Chemists..for re 
search and development of organic chemi 
cals in laboratory and pilot plant. Perma 
nent employment M.S. degree preferred 
Will consider B.S. degree with experience 
or exceptional scholastic record. Location 
Corpus Christi area. Preference given to 
applications from Texas, Oklahoma, and 
Louisiana. Please give complete personal 
and professional data, salary requirements, 
approximate date of availability in first let 
ter. All replies confidential. Address Box 
6-8 


SITUATIONS WANTED 
A..Ch.E. Members 


Experience Wanted—8.5.ChE. 1949, 25, mar 
ried, two children. One year sugar factory 
control laboratory benchman. Desire varied 
experience with smaller young progressive 
company Planning career in design and 
research. Preter west of Mississippi River 
Box 

Industrial Research Group Leader — Registered 
engineer. Twenty-two years experience in 
guiding new projects from conception 
through final plant demonstration. Would 
preter organizing permanent research 
group for medium size company. Box 3-6 

Chemical Engincer—-9', years extensive ex 
perience in engineering development and 
plant operation, test work in heavy chemi 
cale and electric furnace operation. electro 

metal finishing and allied fields 
appreciation of teamwork required 
between engineering, operating mainten 
ance and quality contro Desire responsi 
ble position in engineering. production or 
technical service ox (7-8 


Chemical Engineer ChE from RPI 
M.S.Ch.E. trom Bucknels One year teach 
ing experience one year industrial re 
search experience Desire position preter 
ably research and development in Phila 
deiphia Trenton area. Box 6-6 


Licensed Chemical Engineer-M.5. in 
Six years diversified experience in re 
search, pilot plant, and production. Proven 
ability Desire responsible position in 
process development, technical service, or 
production. Box 9-6 


Process and Project Engineer —8.5.Ch.E 
194 Tau Beta Pi, veteran, married, age 
30. 3', years design and supervision of 
design of petroleum and chemical plants 
and equipment 5 years research and de 
velopment and pilot plant work. Box 10.6 


Nonmembers 


Chemical Engineer——8.5. 1947, M.S. 1950. 28 
veteran, married. Three years of develop 
ment of research in rubber field. Desire 
technical position with future. Box 11.8 


CHEMICAL ENGINEERING PROGRESS 


William L. Rodich has been ap- 
pointed manufacturing manager of the 
chemicals division of General Electric's 
chemical department. In this capacity he 
succeeds Paul Preston who was re- 
cently elevated to the position of manu- 
facturing manager of the chemical de- 
partment 


Bradley Dewey, president of Dewey 
and Almy Chemical Co., Cambridge, 
Mass., was the opening speaker on a 
symposium of Science and Society de- 
livered recently before a Notre Dame 
audience. Mr. Dewey is chairman of 
the Notre Dame advisory council for 
science and engineering and was also 
rubber director during World War I. 


Joseph Finke, formerly engineer in 
rotating assignments with the General 
Electric Co., Schenectady, N. Y., is now 
associated with the North American 
Aviation, Inc., in the atomic energy re- 
search department, Downey, Calif. 


William E. Lacy formerly with J. B. 
Pritchard & Co., Kansas City, Kan., 
job engineer, is now regional engin 
with Black Sivalls & Bryson. 


W. K. Fiteh recently resigned his 
sition in the research division of 
Chicopee ( Mass.) Manufacturing Co 
to accept the position of senior engin 
(chemical) in the manufacturing en 
neering department of Bigelow-Sanfc 
He is located at 
Thompsonville (Conn.) plant and is 
gaged in the study of manutfacturi 
problems and the design of proc 
equipment 


Carpet Co., Inc 


Earl A. Peterson is now associat 
with the engineering staff of the Viski 
Corp., Chicago. Prior to his new po 
tion Mr 
supervising chemical engineer in t 
chemical products department of T 
Sherwin-Williams Co., Chicago. He r@& 
ceived a B.S. in chemical engineering 
(1937) from lowa State College 


Peterson was for many yea 


Kirpal Singh Gill, formerly associ- 
ated with Northwestern University, 
Evanston, Ill, as research associate, is 
now located in East Punjab, India, at 
V. and P. O. Nathuwala Jadid, Tehsil 


Moga, District Ferozepore 


Ben K. Pospishil, has been trans- 
ferred by the Koppers Co., Inc., to its 
research department in Kearny, N. J. 
He was formerly in the research division 
at Pittsburgh, Pa 


Marion P. Lelong, formerly fore- 
man, deodorizer department, Procter & 
Gamble Co., has accepted an appoit- 
ment as Fellow to the Mellon Institute 
of Industrial Research, Pittsburgh, Pa. 
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SPEAKING 
Can Be Easy 


..- for Engineers, too 


A concise, practical, pox ket size 
iNustrated manual for better 
speaking and meetings. Organized 
for your greatest convemence im 
preparing and delivering effective 
wal presentations and in conduct 
ing mteresting meetings. Printed 


in two colors 


Among other subjects, this manual 
includes: selecting the type of 
presentation, planning and prepar 
ing, attention patterns, platform 
manners, visual aids, microphone 
techniques, effective chairman, in 
traductions with a punch, handling 


the questions, panel discussions 


and bigger ind better aucences 


Lope ire available at SO cents 


Special discounts in lots of 100 


Order directly from: 


Fngineers’ Counc! tor Professional 
Development, 20 West 2h Street 


New York City 


Please send me copes “Speaking 
Can Be 

Name 

Address 

City Stat 


LOCAL SECTION NEWS 


(Continued from page 31) 
COLUMBIA VALLEY 


Manson Benedict, director of process 
development for Hydrocarbon Research, 
Inc., was the guest speaker at the June 
22 meeting. He spoke on “Diffusion 
Separation Methods,” a relatively new 
field in chemical separation technology 
Dr. Benedict discussed four types of 
diffusion processes: mass, thermal, and 
gaseous diffusion, and pernieation 
through plastic films 

Ata short business meeting preceding 
the talk, W. O. Switzer, chairman of 
the education committee, reported the 
successful completion of the review 
course designed for chemical engineers 
preparing for professional license ex- 
aminations 


Reported by George Sege 


BOSTON ICHTHYOLOGISTS 


The last meeting of the Ichthyologists 
tor this year enjoyed Prof. Walter G 
Whitman's talk, “International Political 
Significance of World Liquid Fuel Sup 
plies.” Statistics on world oil production 
and proved reserves were interpreted in 
light of the world political situation 

At this meeting officers for the coming 
vear were elected as follows: 


Chairman—A, W. Fisher, A. D. Little, 
I 

\ 
Cabot, Inc 

Sec. and Asst. Treas.—H. Avery, G. L 
Cabot, Ime 
reas.—-T’. M. Rinaldo, Dewey & Almy 


(Chemical Co 


Reported by Henry Avery 


Stokes, G. L 


WESTERN NEW YORK 


This section held its Annual Ladies’ 
Night meeting, May 25, at the Red 
Coach Inn, Niagara Falls, N. Y. Ap 
proximately 70 members, ladies, and 
guests were in attendance 

Dr. Warren L. McCabe, President 
A. L. Ch. E., gave a talk. on “Building 
Materials—Their Development, Manu 
facture, and Marketing.’ 


Reported by Earl C. Mirus 


KNOXVILLE-OAK RIDGE 


\ seminar was held June 13 on “Dif 
tusional Aspects of Solvent Extraction.” 
The discussion was led by Dr. F. P 
Pike, professor of chemical engineering 
from North Carolina State. 

At a previous meeting in Oak Ridge 
motion pictures of the physical action 
which takes place on a bubble-cap tray 
under varying flow conditions were 
shown, The film was introduced by W 
B. Leavitt of the C. F. Braun Co 


Reported by F. S. Chance, J+ 


CHEMICAL ENGINEERING PROGRESS 


D. E. HOLCOMB 


Dysart E. Holcomb, formerly with 
the research and development depart- 
ment of the Sinclair Refining Co., has 
accepted the position of dean of engi- 
gy at Texas Technological Col- 

u 


lege: bbock, Tex. He received a 
B.S. degree in chemical engineering 
from Texas Tech in 1937, and later 
did graduate work at the University of 
Michigan, where he received a Ph.D. 
degree in 1941. From 1941-46, Dr. Hol- 
comb was associated with Universal 
Oil Products Co., Chicago. In 1946 he 
became associate professor of chemical 
engineering at Purdue University, and 
remained there until July, 1949, when 
he accepted the post with Sinclair. 


John W. Cross, process engineer 
with Monsanto Chemical Co.'s Merrimac 
division, has been appointed process en 
gineering group leader. Mr. Cross grad- 
uated from the University of Pennsyl- 
vania with a B.S. in chemical engineer- 
ing in 1942 going to Monsanto in the 
same year as a research chemist. He 
joined the process engineering group in 
August, 1947. 


Necrology 


W. C. BAINBRIDGE 


William C. Bainbridge, technical di- 
rector of H. Kohnstamm & Co., Brook- 
lyn, N. Y., died July 6. He was asso- 
ciated with Kohnstamm, manufacturers 
of anilines and dry colors since 1906 
when he was appointed assistant chemist. 
For the next several years he was en- 
gaged in laboratory research work that 
consisted of the isolation and identifica- 
tion of aniline coloring matters, produc 
tion and purification of many of the in 
termediates and their resulting dve 
stuffs, and the design of suitable appa 
ratus for duplication of these later 
methods on a commercial scale. Later he 
was made assistant manager of the ani- 
line color department. Mr. Bainbridge 
was a graduate of Polytechnic Institute 
of Brooklyn where he received a B.S. 
degree. He was the author of many 
scientific articles and held membership 
in several professional societies 
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Wherever heat is to be dissipated to 
you can depend on a Pritchard Coolin 
the job more efficiently and economical 
ings up to 99% over former wasteful methods! 
Adequately sized, thoroughly engineered and manufac- 
— of bighest quality materials, Pritchard Towers are 
uaranteed to meet your peak as well as your normal 
requirements. 


d to the h 


Pritchard INDUSTRIAL 
COOLING TOWERS 


Tower to 


Write for FREE Bulletins 


do 


at water 


Dept. No. 64 


EQUIPMENT DIVISION 


ATG 


908 Grand Ave., Kansas City 6, Mo. 


Many stills, dryers, evaporators, 
erystallizers and other processing 
vessels are operating at vacua lim- 
ited by the vapor pressure of the 
condensate. This means on the aver- 
age an absolute pressure of about 
2.0" Hg. Mest owners of such equip- 
ment do not realize how practical 
and economical it is to put a Booster 
Evactor in the line between the ves- 
sel and the condenser and maintain 
an absolute pressure of 0.5", 0.25" 
or even lower. The benefits of this 
higher vacuum in improving qual- 
ity and capacity are often very sub- 
stantial. 

The steam jet type of vacuum 
pump has continually gained in fa- 


a 


REYNOLDS 


Chill-Vaectors Steam Jet Evactors 


District Offices 
Houston © St. Lovis Chicago © Pittsburgh Tule New 
Representatives in Principal Cities from Coast to Coast 


are your 


e STILLS 

ORYERS 

@ EVAPORATORS 

CRYSTALLIZERS 

@ PROCESS VESSELS 


OPERATING AT VACUUMS LIMITED BY 
THE VAPOR PRESSURE OF THE CONDENSATE 


vor for high vacuum in industrial 
process work. The total absence of 
moving parts is a big advantage and 
means many years of service, with 
ne maintenance cost. Available in 
single, two-, three, four- and five 
stage units for vacuum from a few 
inches up to a small fraction of 
1 He. absolute. 
Croll-Reynolds have been special. 
izing on this type of equipment for 
over 30 years, and have made thou- 
sands of separate installations. Their 
engineers have extensive experience 
in applying it to numerous different 
processes, and are available for con- 
sultation without obligation. Liter- 
sture is also available on request. 


17 JOHN STREET, NEW YORK 7, WN. Y. 
Condensing Equipment 
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Looking for piping...dependable quality? 
You'll get both from CRANE 


FOR SAFE CONTROL OF HAZARDOUS FLUIDS 


That's what you get with Crane Monel-Trimmed Steel Gate and 
Globe Valves. Unusually sturdy and rugged, they combine many 
features for safe control of highly toxic and corrosive fluids. 

For example, note the specially designed, extra deep stuffing 
box. It's equipped with a packing spacer and plugged opening 
for proper luvrication of upper and lower packing. Note also 
the heavy cast steel body section ...the husky bonnet flanges. 
Crane male and female bonnet joint design minimizes danger of 
leakage or blowout. 

From end to end, these valves offer outstanding safety features. 
Threads in screwed end valves are extra long. Flanged end 
valves have large, raised male faces, finished with concentric 
grooves. See your No. 49 Crane Catalog, or send for folder 
AD-1622-A. 


CRANE CO., 836 S. Michigan Ave., Chicago 5, IIL 
Branches and Wholesalers Serving All Industrial Areas 


a 
= 


= 
= 
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No. 3609-A Monel Trimmed 


Steel Gate, Screwed or Flanged 
ONE ORDER TO CRANE SUPPLIES ALL PIPING EQUIPMENT 


FOR THIS CHEMICAL PROCESSING UNIT, FOR EXAMPLE % in. sizes have union bonnet. 
RELIEF 
SCREWED 
FITTINGS @ A 
FLANGES 
GAUGES 
Bas A 2. 
FLANGED EGULATOR 
FITTINGS VALVES 


FABRICATED 


BOLTS AND 
GASKETS 


im. ee EVERYTHING FOR EVERY PIPING SYSTEM 


RANE 


VALVES « FITTINGS + PIPE +» PLUMBING AND HEATING 


Page 40 CHEMICAL ENGINEERING PROGRESS August, 1950 


q 
| 
| 
| 4 
|| | 
| 
7 
aD 
UNIONS | 
4 


NATI 
ENGINEERS AND ND EQUIPMENT 
] 
f 
“i 


HEAVY CHEMICALS 


Here is high-capacity spray-drying equipment 
that is especially suitable for handling heavy 
chemicals. It is direct fired, uses either oil or gas 
as fuel, and gives amazingly low-cost operation. 


It is but one of many applications of Swenson* 
Spray Dryers in the process industries. We will 
welcome an opportunity to assist you in adapting 
this equipment to your particular drying prob- 
lems. Have you sent for our descriptive Bulle- 
tin D-105? 


Direct-fired spray drying may 
be used for such materials as: 


Silica gel 

Kaolin clay 
Manganese sulfate 
Calcium carbonate 
Chrome sulfate 
Sodium phosphate 


Flow sheet shows typical spray- 
dryer installation for handling heavy 
ical 


SWENSON EVAPORATOR 
DIVISION OF WHITING CORPORATION 
1569Q@ Lathrop Avenue Harvey, Iliinois 


Eastern Office and Export Department: 30 Church Street, New York 7,N.Y. 
in Canoda: Whiting Corporation (Canede, lid. 47-49 LaPlante Ave Teronts 2 
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